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(57) Tills Invention aims to provide a communication 
device, an installation stmcture for the communication 
device, a method of manufacturing the communication 
device, and a method of communication with the com- 
munication device in which the communication device 
is able to exceedingly restrain a conductive material 
from attenuating magnetic flux and to expand commu- 
nication distance even when the communication device 
is attached to a conductive member e.g., metal, in a 
closely contacting manner. 

This invention has a sheet-Hl<e amorphous magnet- 
ic material being arranged in a manner extending from 
a magnetic flux generating portion of a concentric disk- 
shaped antenna coil of an RFID tag serving as the com- 
munication device to an outer area of the antenna coil. 



Fig-1 (a) 




Fig. 1 (b) 
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Description 
Technical Field 

[0001] This invention relates to a communication de- 
vice using an antenna coil for communications by elec- 
tromagnetic wave, an Installation structure for the com- 
munication device, a method of manufacturing the com- 
munication device, and a communication method with 
the communication device. 

[0002] The entire disclosure of Japanese patent ap- 
plication No.2001-3403 filed on January 11, 2001, No. 
2001-124010 filed on April 23, 2001 and No. 
2001 -139044 filed on May 9, 2001 , including the spec- 
ification, claims, accompanying drawings and abstract 
of the disclosure is Incorporated herein by reference in 
Its entirety, in order to claim foreign priority right. 

Background Art 

[0003] RFID tags (Radio Frequency-IDentification 
TAG) having an antenna coil and a control device such 
as an IC circuit, or data carriers (child) such as non-con- 
tact type IC cards are widely used in various fields to 
serve as communication devices communicating by 
electromagnetic wave, in which the communication de- 
vices communicate with a read/write device (reading de- 
vice or a read/write device) or the like which serve as a 
parent. 

[0004] The RFID tag is, for example, used for purpos- 
es such as product management, and the IC card is 
used for purposes such as transit passes, commuting 
passes and cash cards. The data carriers can be clas- 
sified into a portable type and a stationary type being 
attached to a device, a machine, or various compo- 
nents, in which both types use high frequency electro- 
magnetic wave in a wireless communication area to per- 
form non-contact sending/receiving (communication) of 
data between a read/write device (or a reading device). 
[0005] The data carrier itself nomriaHy has no electric 
power source such as a battery for operation, but has a 
portion of electromagnetic wave sent by the read/write 
device serving as an electric power source, 
[0006] FIG.3 Is an explanatory view showing a data 
carrier structure, and FIG. 4 is a block diagram thereof. 
As shown in FIG.3 (a), an RFID tag 1a, a conventional 
communication device serving as a data carrier, com- 
prises a disk shape antenna coil 2a having conductive 
wires wound to form an air-core coil, and a semiconduc- 
tor IC chip 4 having an IC circuit connected to both ends 
of the antenna coil 2a. 

[0007] As shown in FIG.4, the semiconductor IC chip 
4 comprises: a sending/receiving temiinal 4c; a CPU 
(central processing. unit) 4a; a memory 4b having a wri- 
table nonvolatile memorizing element; and a capacitor 
4d for power storage means. The antenna coil 2a and 
the semiconductor IC chip 4 are formed into a thin disk- 
shape or a card shape by being molded into a united 



body with a resin material, or fonned into a sealed shape 
by being laminate-processed for protection from the ex- 
ternal 

[0008] In explaining a sending/receiving method of 
5 the RFID tag la with reference to FIG.4, a read/write 
device (not shown) first sends an electromagnetic wave 
for calling the RFID tag 1 a and for transmitting electric 
power. The RFID tag la then receives the electromag- 
netic wave by a tuning effect of the antenna coil 2a and 
^0 the sending/receiving terminal 4c, and stores the elec- 
tric power inside the capacitor 4d. Subsequently, the 
RFID tag 1a becomes operational to then send an elec- 
tromagnetic wave from the read/write tenninal to the 
RFID tag la for a readout purpose in the following step. 
15 [0009] Then, the electromagnetic wave enters from 
the antenna coil 2a of the RFID tag la to the CPU 4a 
via the sending/receiving tenninal 4c; then, the CPU 4a 
reads out necessary information from the memory 4b in 
accordance to the entered electromagnetic wave; and 

20 then, the information in a fonn of an electromagnetic 
wave is sent from the sending/receiving terminal 4c to 
the read/write device via the antenna coil 2a. The above 
method is also employed when writing data from the 
read/write device to the memory 4b of the RFID tag 1 a. 
It shou Id now be noted that the above consecutive steps 
are relatively performed instantaneously. 
[0010] FIG.3 (b) is an explanatory view showing a re- 
lation between the antenna coil 2a and an electromag- 
netic wave. An electromagnetic wave used in commu- 

30 nication generally can be referred as an electric field and 
a magnetic field simultaneously propagating while being 
normal to each other, in which the communication with 
the electromagnetic wave performs sending/receiving 
with use of an electrical current (high frequency electri- 
cs cal current) flowing in the antenna coil 2a by interiinking 
the magnetic field and the antenna coil 2a. 
[0011] For example, when an electromagnetic wave 
is sent from the antenna coil 2a, a high frequency elec- 
trical current flowing at the antenna coil 2a allows a high 

40 frequency magnetic field component H (as Illustrated in 
FIG.3 (b)) to be distributed as a loop (magnetic flux loop) 
passing through a center of the antenna coil 2a, and the 
read/write device is able to receive infomriation from the 
RFID tag 1 a by placing an antenna coil of the read/write 

45 device In an area of the magnetic flux. Likewise, when 
an electromagnetic wave Is sent from the read/write de- 
vice, the magnetic field component H is distributed as 
illustrated around the antenna coil 2a of the RFID tag 
la to allow the antenna coll 2a to receive the electro- 

50 magnetic wave. 

[0012] Communication distance, that is, the commu- 
nicable distance between the RFID tag 1 a and the read/ 
write device is nomially a couple millimeters to a couple 
centimeters. For example, an automatic gate for trains 

55 hardly has any trouble in communicable distance since 
the data carrier such as a commuting pass could be read 
out by inserting and skimming the pass closely upon the 
reading portion arranged Inside the automatic gate. 
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[0013] However, in a case such as attaching a data 
carrier such as an RFID tag upon a product for product 
management, the use of the data carrier would be re- 
stricted if the communication distance is short. Other 
cases may also require high communication directivity 5 
in a particular direction depending on the type of man- 
agement. Therefore, various methods of extending 
communication distance and improving directivity for 
the data carrier have been proposed in the past. 
[0014] The communication distance using electro- io 
magnetic wave requires a sending antenna coil and a 
receiving antenna coil to be arranged within an area of 
the magnetic field for maintaining a communicable mag- 
netic flux density level. Although the size of the commu- 
nicable area for the magnetic field, that is, the commu- ^5 
nication distance relies on a power level of the sending 
side, the directivity of the antenna coll of the RFID tag 
is an influential factor when power level of the sending 
side and the receiving side are equal. 

[0015] In a case such as attaching an RFID tag to a 20 
metal surface, the alternating magnetic field produced 
by an electromagnetic wave purposed for tag sending/ 
receiving creates an eddy current inside the metal. The 
eddy current produces a magnetic flux opposing to a 
magnetic flux purposed for sending/receiving and there- 25 
by attenuates the magnetic flux purposed for sending/ 
receiving and causes difficulty In sending/receiving. A 
material for attenuating the initial magnetic flux will here- 
inafter be refen-ed to as "conductive material". 
[0016] A known method in attaching a member made 30 
from a conductive material to an RFID has a magnetic 
material arranged between the RFID tag and the attach- 
ing surface of the conductive material for passing a 
sending/receiving magnetic flux thereto so that the mag- 
netic flux can enter the conductive material and restrain 35 
the creation of an eddy current. 

[0017] Furthermore, a method, which has a sheet-like 
amorphous magnetic material with a higher magnetic 
permeability (hereinafter referred as "sheet-like mag- 
netic material") serving as the magnetic material, Is pro- 40 
posed as a method using a thin sheet for efficiently by- 
passing a magnetic flux without Increasing much space 
(as shown in Japanese Patent Publication Hei 8-791 27). 
[0018] With the foregoing conventional example 
shown In Japanese Patent Publication Hei 8-79127, the 45 
sheet-like magnetic material is arranged across the en- 
tire surface of the sending/receiving antenna coil of the 
RFID tag. However, through the findings of the inventors 
of this invention, even if the sending/receiving sensitivity 
of the RFID tag Is slightly improved compared to a situ- so 
ation where the sheet-like magnetic material is not ar- 
ranged entirely across the antenna coil, there is not 
much difference from a practical aspect; in some cases, 
a closed loop which passes through the sheet-like mag- 
netic material is created to adversely result in decline of 
sensitivity. 

[0019] In a method proposed in Japanese Patent 
Publication No.2000-48152, the RFID tag 1a Is com- 




prised of a disk-shaped antenna coil 2a having an insu- 
lated wire such as an enamel wire wound around a cir- 
cular air-core coil, and a semiconductor IC chip 4 con- 
nected to both ends of the antenna coil 2a, in which the 
antenna coil 2a has a thin sheet-like magnetic material 
constituted of an amorphous sheet inserted there- 
through. The sheet-like magnetic material has a sur- 
rounding thereof covered with an insulated sheet to pre- 
vent the sharp edges of the sheet-like magnetic material 
from damaging an insulated covering formed at the sur- 
face of the antenna coil 2a. 

[0020] The sheet-like magnetic material is chosen to 
have a width smaller than the diameter of a hollow por- 
tion of the antenna coil 2a for being inserted into the 
antenna coil 2a, and after the sheet-like magnetic ma- 
terial is inserted into the antenna coil 2a, the sheet-like 
magnetic material and the antenna coil 2a are pressing- 
ly shaped into a flat form. 

[0021] Since the sheet-like magnetic material has an 
exceedingly low magnetic resistance compared to that 
of the air, the magnetic flux interlinking with the antenna 
coil 2a easily extends in a longitudinal direction of the 
sheet-like magnetic material and is distributed into the 
air as a magnetic fiux loop passing through the tip-end 
portion of the antenna coll 2a. Accordingly, communica- 
tion distance is extended mainly in the longitudinal di- 
rection of the sheet-like magnetic material, and commu- 
nication directivity is also heightened in thus direction. 
[0022] However, with the foregoing method proposed 
in Japanese Patent Publication No.2000-48152, manu- 
facturing is difficult and laborious since the sheet-like 
magnetic material is required to be inserted to the an- 
tenna coil 2a. There is also a risk of damaging the insu- 
lated covering of the antenna coil 2a when the sheet- 
like magnetic material and the antenna coil 2a are press- ^^ 
ingly shaped into a flat fomn after the sheet-like magnetic 
material is inserted into the antenna coil 2a, and there- 
fore, a means for preventing such risk is required. 
[0023] The RFID tag 1a having the antenna coil 2a 
and the semiconductor ID chip 4 integrally sealed with 
resin is generally produced in mass numbers, and 
standard products with short communication distance 
are being sold in the market inexpensively. However, 
with the foregoing method, it would be necessary for the 
standard products to be manufactured in another differ- 
ent process since the sheet-like magnetic material 8 is 
required to be inserted into the antenna coil 2a. 

Disclosure of the Invention 

[0024] This invention serves to solve the foregoing 
problems and aims to provide a communication device, 
an installation structure for the communication device, 
a method of manufacturing the communication device, 
and a method of communication with the communica- 
tion device in which the communication device has a 
sheet-like magnetic material with a high specific mag- 
netic permeability being arranged thereto in a manner 
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extending from a particular portion of an antenna coil of 
the communication device to an outer area of the anten- 
na coil so as to exceedingly restrain a conductive ma- 
terial from attenuating magnetic flux and to expand com- 
munication distance even when the communication de- 
vice is attached to a conductive member e.g., metal, in 
a closely contacting manner. 

[0025] Although there are the following two types of 
antenna coils for a communication device, where one 
being a concentric disk shape (circular coil with an emp- 
ty core) and the other being a cylindrical shape formed 
by spirally coiling a conductor to a rod-like magnetic ma- 
terial core, the Inventor(s) of this invention found 
through research and experimenting that both types 
having a sheet-like magnetic material with a high spe- 
cific magnetic permeability (hereinafter simply referred 
as "sheet-like magnetic material") arranged thereto in a 
manner extending from a magnetic flux-generating por- 
tion (main portion for generating magnetic flux when ap- 
plying an electrical current to the antenna coil based on 
Ampere's law) to an outer area of the antenna coil can 
restrain a conductive material arranged closely contact- 
ing to the communication device (e.g., an RFID tag) from 
reducing sensitivity and can also heighten the directivity 
in the extending direction and expand communication 
distance. 

[0026] The communicable magnetic flux area in the 
extending direction would expand more compared to 
when the sheet-like magnetic material is not extended. 
[0027] For example, when using a concentric disk- 
shaped antenna coil, the magnetic flux-generating por- 
tion exists in an intemnediary portion between a diame- 
tral center of the antenna coil and an inner peripheral 
portion of the antenna coil, in which a magnetic flux 
forms a loop of a relatively high density around a con- 
ductor wire of the antenna coil via the magnetic flux-gen- 
erating portion. 

[0028] The magnetic flux-generating portion exists 
not as a point but as a relatively small area In which such 
area has an intermediary point between the diametral 
center of the antenna coil and the Inner peripheral por- 
tion of the antenna coil serving as a center thereof. 
Therefore, when an Increase of directivity in an outward 
surface direction (radius direction) for a particular sur- 
face of the concentric disk-shaped antenna coil Is de- 
sired, a sheet-like magnetic material having a high spe- 
cific magnetic pemrieability, which is formed in a shape 
such as a fan or a square, Is arranged In a manner ex- 
tending from the magnetic flux-generating portion to the 
surface direction where increase of directivity is desired. 
[0029] Then, a large portion of the magnetic flux from 
the magnetic flux-generating portion Is guided by the 
sheet-like magnetic material having a high specific mag- 
netic permeability to the surface direction (radius direc- 
tion) and results to an expansion of communicable mag- 
netic flux area in the outward surface direction. Owing 
to an expanding characteristic of the magnetic flux, the 
communicable magnetic flux area expands three-di- 



mensionally, mainly to the extended outward surface di- 
rection. 

[0030] Meanwhile, experiments revealed that the 
communicable magnetic flux area gradually shrinks In 

5 proportion to an extended distance when the sheet-like 
magnetic material is at the same time extended inward 
(e.g., a direction headed toward the diametral center of 
the antenna coil) from the magnetic flux-generating por- 
tion to the Internal side of the antenna coll; further, when 

^0 the sheet-like magnetic material Is extended to the di- 
ametral center, the communicable magnetic flux area 
would shrink to a greater degree compared to a situation 
where the sheet-like magnetic material is not arranged 
at all. 

15 [0031] Extending the sheet-like magnetic material in 
double sides in asurface direction of the concentric disk- 
shaped antenna coil is not desirable since an effect of 
the sheet-like magnetic material would be offset. 
[0032] Accordingly, it is desirable to extend the sheet- 

20 like magnetic material arranged at the concentric disk- 
shaped antenna coil in a one side outward direction from 
the magnetic flux-generating portion, and if the sheet- 
like magnetic material is to be extended also in an in- 
ward direction at the same time, the distance of the in- 

25 ward extension should be restricted to a relatively short 
distance. 

[0033] With a cylindrical antenna coil, the magnetic 
flux-generating portion exists at a tip portion of a core, 
and a magnetic flux passes through from the magnetic 

30 flux-generating portion to an axial direction and fonms a 
loop heading toward a tip portion at an opposite side, 
[0034] Accordingly, when an increase of directivity In 
an outward axial direction for the cylindrical antenna coil 
is desired, a sheet-like magnetic material is arranged in 

35 a manner extending from the magnetic flux-generating 
portion to the outward axial direction. Subsequently, a 
large portion of the magnetic flux from the magnetic flux- 
generating portion is guided to the outward axial direc- 
tion by the sheet-like magnetic material with a high spe- 

40 cific magnetic permeability, and a communicable mag- 
netic flux area is thereby expanded In the axial direction. 
[0035] The communicable area expands three-di- 
mensionalty in a direction mainly to the extended axial 
direction. Further, the communicable magnetic flux area 

45 starting from the tip portion of the opposite side to an 
outward axial direction would also expand substantially 
in the same manner, owing to an enlargement of the loop 
of the magnetic flux. 

[0036] When the sheet-like magnetic material is at the 
50 same time extended from the magnetic flux generating 
portion to a center bound axial direction, the communi- 
cable magnetic flux area would gradually shrink, and 
would then rapidly shrink after exceeding a center point 
in an axial direction. Accordingly, the sheet-like magnet- 
os ic material being arranged at the cylindrical antenna coil 
is desired to extend from the magnetic flux generating 
portion to an outward axial direction, and if the sheet- 
like magnetic material is to be extended in a center 
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bound axial direction at the same time, the distance of 
the extension should be restricted to a relatively short 
distance. 

[0037] A sheet-like magnetic material with a high spe- 
cific magnetic penneability is employed in this invention. 
The term "high specific magnetic permeability" refers to 
a case where a magnetic penneablllty is higher than that 
of iron or other typical magnetic cores (e.g., although 
the magnetic permeability of a typical magnetic core 
such as ferrite has a specific magnetic permeability of 
a couple hundred, the magnetic material used in this in- 
vention has a high specific magnetic pemieability no 
less than ten thousand). It is now to be noted that the 
specific magnetic pemneability is a ratio between a mag- 
netic pemieability of the magnetic material and a mag- 
netic pemneability of vacuum. 

[0038] It Is desirable for an amorphous magnetic ma- 
terial shaped into a sheet form to be employed as the 
magnetic material with a high specific magnetic pemie- 
ability. The magnetic permeability of the amorphous 
magnetic material typically has a specific magnetic per- 
meability ranging from approximately thirty thousand 
through five hundred thousand. 

[0039] For example, a magnetic material with a high 
specific magnetic permeability can exceedingly re- 
strained attenuation of communicable magnetic flux 
even when an RFID tag serving as a communication de- 
vice is attached closely to a conductive material such as 
. metal since the magnetic flux subject for absorption by 
the conductive material can be effectively guided to the 
magnetic material with a high specific magnetic perme- 
ability. 

[0040] Although an amorphous magnetic material is 
a representative material for a magnetic material with a 
high specific magnetic permeability, the present cost for 
a unit of an amorphous magnetic material Is extremely 
costly. Accordingly, shaping an amorphous magnetic 
matenal into a sheet-like form can provide a remarkable 
expanding effect of communication distance without re- 
quiring much material andean also provide excellent ad- 
vantages In cost. 

[0041] For example, a suitable flexibility and practical 
strength of the sheet can be attained by forming a sheet- 
like magnetic material such as an amorphous magnetic 
material Into a thickness of approximately 10 |xm 
through 50 |xm. Since a comrnunication device such as 
an RFID tag are often arranged in small spaced areas, 
a sheet-like magnetic material having a flexible property 
can be used so that the sheet-like magnetic material be- 
ing transformable can be bent and easily arranged in 
close proximity to an antenna coil 
[0042] Forming the magnetic material into sheet-like 
shape allows weight increase to be exceptionally smalt 
and also allows the weight thereof to be lightened, so 
that the magnetic material can be used for portable com- 
munication apparatus and the like. 
[0043] Accordingly, in means to solve the aforemen- 
tioned problems a communication device of this inven- 



tion comprises an antenna coiL a sender/receiver cir- 
cuit, a memory circuit, and a control circuit for non-con- 
tact electromagnetic wave communication with the ex- 
ternal by using the antenna coil, wherein the antenna 

5 coil is formed into a flat concentric disk shape or a cy- 
lindrical shape by winding a coil to a core thereof, where- 
in a sheet-like magnetic material with a high specific 
magnetic permeability is arranged on one side of the an- 
tenna coil extending along the antenna coil from an in- 

10 termediary portion between a diametral center of the an- 
tenna coil and an inner peripheral side to an outer area 
of one of the sides of the antenna coil in a case where 
the antenna coil has a concentric disk shape, and 
wherein a sheet-like magnetic material with a high spe- 

is cific magnetic penneablllty Is arranged on one side of 
the core extending from a proximity of one of the tip end 
portions of the core to an outer area of the core in a case 
where the antenna coil has a cylindrical shape. 
[0044] Thus structured, the magnetic material with a 

20 high specific magnetic permeability arranged in a man- 
ner extending from the magnetic flux generating portion 
formed at the antenna coll to an outward direction of the 
antenna coil can exceedingly restrain attenuation of 
magnetic flux for communication. 

25 [0045] Accordingly, a magnetic material with a high 
specific magnetic permeability can exceedingly restrain 
attenuation of communicable magnetic flux even when 
an RFID tag serving as a communication device is at- 
tached closely to a conductive material such as metal 

30 since the magnetic flux subject for absorption by the^^^ 
conductive material can be effectively guided to the-- 
magnetic material with a high specific magnetic perme- 
ability. Subsequently, communication directivity, for a 
prescribed direction can be heightened to allow expan--^-' 

35 sion of communication distance. - ^ 

[0046] An amorphous magnetic material shaped into - 
a sheet-like form is desired to be employed as the sheet- 
like magnetic material with a high specif ic magnetic per- 
meability. 

40 [0047] The communication device can be applied to 
an RFID (Radio Frequency-IDentificatlon)tag or a read/ 
write device. 

[0048] Housing the communication device inside a 
conductive container being separable into at least two 

45 portions, forming a magnetic flux leakage path at the 
separable portion of the container for leaking electro- 
magnetic wave between the antenna coil and the exter- 
nal, and extending the sheet-like magnetic material from 
the antenna coll to the magnetic flux leakage path por- 

so tlon can make the communication device stronger 
against external stress or impact, can also allow the 
electromagnetic wave to leak through the magnetic flux 
leakage path formed at the separable portion of the con- 
tainer, and can also allow the sheet-like magnetic ma- 

55 terial extended from the antenna coll to the magnetic 
flux leakage path to exceedingly restrain reduction of 
magnetic flux for communication; thereby, the mutual 
send/receive operation of alternating magnetic field. 



5 



BNSDOCID: <EP 1 28801 6A1_L> 



EP 1 288 016 A1 



10 



which is a medium for electric power transmission and 
information communication, between the communica- 
tion device and the external can be perfomned. 
[0049] The communication device can be sealed into 
a sealed container made .from a thin type non-conduc- 
tive material, and the sheet-like magnetic material can 
be extended along an outer surface of the sealed con- 
tainer. Thus structured, the resin sealed communication 
device being sold and distributed in the market as a 
standard product can be used as is, and an inexpensive 
communication device having high reliability can be pro- 
vided. 

[0050] It is preferable for the container being separa- 
ble Into two portions to have a hinge mechanism formed 
on one side of an end portion thereof so that the two 
portions can be openable relative to each other. 
[0051] The container can be formed Into a card type 
by overlapping and joining two sheet-like members. 
[0052] The communication device can be a metal 
nameplate enabling non-contact communication. 
[0053] Another communication device of this inven- 
tion comprises an antenna coil, a sender/receiver cir- 
cuit, a memory circuit, and a control circuit for non-con- 
tact electromagnetic wave communication with the ex- 
ternal by using the antenna coil, wherein the antenna 
coil is formed into a flat concentric disk shape, wherein 
the antenna coil is arranged between a primary sheet- 
like magnetic material with a high specific magnetic per- 
meability and a secondary sheet-like magnetic material 
with a high specific magnetic permeability, and wherein 
the primary sheet-like magnetic material and the sec- 
ondary sheet-like magnetic material are extended along 
the antenna coil from a center portion of the antenna coil 
to an outer area in opposite directions relative to each 
other. 

[0054] Thus structure enables further heightening of 
directivity of the primary sheet-like magnetic material 
and the secondary sheet-like magnetic material being 
extended along the antenna coil from a center portion 
of the antenna coil to an outward and opposite direction 
relative to each other and also enables remarkable ex- 
pansion of communication distance. 
[0055] The primary sheet-like magnetic material and 
the secondary sheet-like magnetic material for the com- 
munication device can be made from a magnetic mate- 
rial with a high specific magnetic permeability such as 
an amorphous magnetic material to enable further ex- 
pansion of communication distance. 
[0056] The antenna coil, the sender/receiver circuit, 
the memory circuit, and the control circuit can be housed 
inside a non-conductive sealed container, and the pri- 
mary sheet-like magnetic material and the secondary 
sheet-like magnetic material can be arranged having the 
sealed container therebetween. 

[0057] The primary sheet-like magnetic material and 

the secondary sheet-like magnetic material can entirely 
be housed inside a thin-type container which leaks mag- 
netic flux. Accordingly, the communication device can 



be protected from physical or chemical influence from 
the external or influence from flooding during storage, 
transportation and use, can perform excellent commu- 
nication, and can have a remarkable appearance. 

5 [0058] The container can have at least one surface 
portion thereof being made from aluminum or an alloy 
of aluminum. Thus structured, the communication de- 
vice can have an enhanced physical strength and can 
be used as a long-lasting nameplate. 

10 [0059] With an installation structure for the communi- 
cation device according to claim 1 , the communication 
device can be installed on a surface of a conductive in- 
stalling object or Installed inside an installment groove 
portion arranged at the surface of the conductive install- 

15 ing object. 

[0060] Thus stmctured, the sheet-like magnetic ma- 
terial with a high specific magnetic permeability being 
arranged extending from a magnetic flux generating 
portion of the antenna coil to an outer area of the anten- 

20 na coil can allow a magnetic flux targeted for absorption 
by the conductive material to be effectively guided to the 
sheet-like magnetic material with a high specific mag- 
netic permeability so that attenuation of a communica- 
ble magnetic flux can be exceedingly restrained even 

25 when the communication device is attached to a con- 
ductive installing object. 

[0061] Since the sheet-like magnetic material can be 
of a flexible nature, the sheet-like magnetic material can 
be bent or transformed into a suitable shape when plac- 

30 ing an RFID tag in a small area. 

[0062] A manufacturing method for a communication 
device of this invention is a method for manufacturing a 
communication device comprising an antenna coil, a 
sender/receiver circuit, a memory circuit, and a control 

35 circuit for non-contact electromagnetic wave communi- 
cation with the external by using the antenna coil, 
wherein the antenna coil is formed into a flat concentric 
disk shape or a cylindrical shape by winding a coil to a 
core thereof, wherein the antenna coil, the sender/re- 

40 ceiver circuit, the memory circuit, and the control circuit 
are housed inside a non -conductive sealed container, 
wherein the sealed container Is plurally arranged in a 
prescribed interval along a longitudinal direction of a thin 
long primary sheet material, wherein a sheet-like mag- 

45 netic material with a high magnetic permeability Is plu- 
rally arranged in a prescribed interval along a longitudi- 
nal direction of a thin long secondary sheet material, 
wherein each container body and each sheet-like mag- 
netic material are postionally adjusted relative to each 

50 other, in which the sheet-like magnetic materials are po- 
sltionally adjusted to be arranged on one side of the an- 
tenna coil extending along the antenna coil from an in- 
termediary portion between a diametral center of the an- 
tenna coil and an inner peripheral side to an outer area 

55 of one of the sides of the antenna coil in a case where 
the antenna coil has a concentric disk shape, and the 
sheet-like magnetic materials are positionally adjusted 
to be arranged on one side of the core extending from 
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a proximity of one of the tip end portions of the core to 
an outer area of the core In a case where the antenna 
coil has a cylindrical shape, wherein the primary sheet 
material and the secondary sheet material are joined to 
each other and wherein each combined body of the 
container body and the sheet-like magnetic material is 
divided. 

[0063] With the foregoing method, the communication 
device can be manufactured efficiently and inexpen- 
sively. Furthermore, each communication device can be 
easily separated at the dividing portion. 
[0064] The primary sheet material and the secondary 
sheet material having the communication device and 
the sheet-like magnetic material arranged therebe- 
tween allows the communication device and the sheet- 
like magnetic material to maintain a steady position rel- 
ative to each other so that directivity or the like can be 
steady. 

[0065] The primary sheet material and the secondary 
sheet material being bonded to each other can have the 
communication device and the sheet-like magnetic ma- 
terial sealed therein to provide functions such as a water 
resistance or gas resistance. 

[0066] The communication device can be easily man- 
ufactured without effort since each sheet-like magnetic 
material is simply placed on a side serving as the top 
surface of the antenna coil. Since the sheet-like mag- 
netic material is not required to be inserted into the an- 
tenna coil as in the conventional example, the commu- 
nication device can have a simple structure and can be 
free from a danger of the sheet-like magnetic material 
damaging the antenna coil. 

[0067] The primary sheet material and the secondary 
sheet material being employed with conductive material 
have a magnetic flux leakage path between the external 
and the internal formed at a bonding rim portion thereof, 
in which the sheet-like magnetic material is extended to 
a portion of the magnetic flux leakage path; thereby, in- 
formation memorized into the memory device of the 
communication device through electromagnetic wave 
leaking from the magnetic flux leakage path can be read 
out by the magnetic flux from the external. 
[0068] A communication method of this invention is a 
method of communication with a communication device 
comprising an antenna coll, a sender/receiver circuit, a 
memory circuit, and a control circuit for non-contact 
electromagnetic wave communication with the external 
by using the antenna coil, wherein the communication 
device has the antenna coil being formed into a flat con- 
centric disk shape or a cylindrical shape by winding a 
coil to a core thereof, wherein the communication device 
has a sheet-like magnetic material with a high specific 
magnetic permeability being arranged on one side of the 
antenna coll extending along the antenna coil from an 
intemriediary portion between a diametral center of the 
antenna coil and an inner peripheral side to an outer ar- 
ea on one of the sides of the antenna coil in a case where 
the antenna coil has a concentric disk shape, wherein 



the communication device has a sheet-like magnetic 
material with a high specific magnetic permeability be- 
ing arranged on one side of the core extending from a 
proximity of one of the tip end portions of the core to an 

5 outer area of the core in a case where the antenna coil 
has a cylindrical shape, and wherein non-contact elec- 
tromagnetic wave communication with the external is 
performed in a state where directivity of the antenna coil 
is heightened by the sheet-like magnetic material, 

10 [0069] Another communication method of this inven- 
tion is a method of communication with a communica- 
tion device comprising an antenna coil, a sender/receiv- 
er circuit, a memory circuit, and a control circuit for non- 
contact electromagnetic wave communication with the 

15 external by using the antenna coil, wherein the commu- 
nication device has the antenna coil being formed into 
a flat concentric disk shape and being arranged be- 
tween a primary sheet-like magnetic material with a high 
specific magnetic permeability and a secondary sheet- 

20 like magnetic material with a high specific magnetic per- 
meability, wherein the primary sheet-like magnetic ma- 
terial and the secondary sheet-like magnetic material 
are extended along the antenna coil from a center por- 
tion of the antenna coil to an outer area in opposite di- 

25 rections relative to each other, wherein the primary 
sheet-like magnetic material and the secondary sheet- 
like magnetic material are arranged overlapping each 
other at a center portion of the antennacoil, and wherein 
non-contact electromagnetic wave communication with 

30 the external is perfomned in a state where directivity of 
the antennacoil is heightened by the sheet-like magnet- 
ic material. 

[0070] With theforegoing communication method, the 
sheet-like magnetic material with a high specific mag- 

35 netic permeability being arranged extending 'from a 
magnetic flux generating portion of the antenna coil to 
an outward direction of the antenna coil allows the at- 
tenuation of a communicable magnetic flux to be ex- 
ceedingly restrained, and allows information memorized 

40 into the memory device of the communication device to 
be read out by the magnetic flux from the external. 
[0071] Furthermore, directivity can increase in an ex- 
tending direction of the sheet-like magnetic material with 
a high specific magnetic permeability to thereby en- 

45 hance communication sensitivity. 

Brief description of the drawings 

[0072] The above and other objects, features and ad- 
50 vantages of the present invention will become more ap- 
parent from the following description of the presently 
preferred exemplary embodiments of the invention tak- 
en in conjunction with the accompanying drawings, in 
which: 

55 

Figs. 1 (a) and 1 (b) are a plane view and a cross- 
sectional view showing one example of a commu- 
nication device regarding this invention where a 
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sheet-like magnetic material is arranged to an RFID 
tag having a concentric disk-shaped antenna coil; 
FtG.2 (a) and 1(b) are a plane view and a cross- 
sectional view showing one example of a commu- 
nication device regarding this invention where a 5 
sheet-like magnetic material is arranged to an RFID 
tag having a concentric disk-shaped antenna coil; 
FIG.3 shows a state of a structure of an RFID tag 
having a concentric disk-shaped antenna coil and 
a magnetic field created at the antenna coil; io 
FIG.4 is a block diagram of a structure of control 
system of an RFID tag; 

FIG. 5 is a diagram for comparing an electric field 
characteristic of a magnetic flux created from a con- 
centric disk-shaped antennacoil of thecommunica- 15 
tion device regarding this invention between when 
there Is a sheet-like magnetic material and when 
there is no sheet-like magnetic material; 
FIG. 6 is a schematic structural view of an experi- 
ment device for measuring an electromagnetic field; 
FIG. 7 shows an experiment result of a communica- 
ble magnetic flux area (communicable maximum 
distance) in a surface direction of an antenna coll 
regarding the RFID tag shown in FIG.2; 
FIG. 8 shows an experiment result of a relation be- 
tween a width (angle) of a sheet-like magnetic ma- 
terial and a communicable magnetic flux area (com- 
municable maximum distance) in a surface direc- 
tion of an antenna coil; 

FIG.9 shows an experiment result of a relation be- so 
tween an extension length (outer diameter) of a 
sheet-like magnetic material and a communicable 
magnetic flux area (communicable maximum dis- 
tance) in a surface direction of an antenna coil; 
FIG. 1 0 is a cross-sectional view showing an exam- 35 
pie of a communication device regarding this inven- 
tion where a sheet-like magnetic material is ar- 
ranged to an RFID tag having a cylindrical antenna 
coil; 

FIG.1 1 is a cross-sectional view showing an exam- 40 
pie of a communication device regarding this Inven- 
tion where a sheet-like magnetic material Is ar- 
ranged to an RFID tag having a cylindrical antenna 
coil; 

FIG. 1 2 shows a state of a structure of an RFID tag ^5 
having a cylindrical antenna coil and a magnetic 
field created at the antenna coil; 
FIG. 13 is a diagram showing an electric field char- 
acteristic of a magnetic flux created from an anten- 
na coil of a cylindrical RFID tag for a communication so 
device regarding this invention; 
FIG. 14 shows an experiment result of a communi- 
cable magnetic flux area (communicable maximum 
distance) in an axial direction of an antennacoil re- 
garding the RFID tag shown in FIG.11; 55 
FIG. 15 is a diagram showing an experiment result 
regarding a relationship between a communicable 
magnetic flux area (communicable maximum dis- 



tance) of an antenna coil in an axial direction and 
an extension length when the sheet-like magnetic 
material shown in FIG. 14 is simultaneously extend- 
ed from a magnetic flux generating portion to a cent- 
er bound axial direction of the cylindrical antenna 
coil; 

FIG . 1 6 is a cross-sectional view for showing various 
installment structures where a communication de- 
vice regarding this invention is attached to an in- 
stallment member made from a conductive materi- 
al; 

FIG.1 7 is a cross-sectional view for showing various 
installment structures where a communication de- 
vice regarding this invention is attached to an in- 
stallment member made from a conductive materi- 
al; 

FIG.1 8 Is a side view showing a state where a com- 
munication device regarding this invention is ar- 
ranged to a freely openable installment member 
made from a conductive material; 
FIG.1 9 (a) and (b) respectively show a side view 
and a plane view of a state where an RFID tag hav- 
ing a concentric disk-shaped antenna coil is ar- 
ranged at a prescribed interval in a fixedly adherent 
manner to a primary sheet material; 
FIG. 20 (a) and (b) respectively show a side view 
and a plane view of a state where a fan shaped 
sheet-like magnetic material is arranged at a pre- 
scribed interval in a fixedly adherent manner to a 
secondary sheet material; 

FIG. 21 is a side view showing a state of overlapping 
a primary sheet material with a secondary sheet 
material while adjusting a position for each pair 
comprising an RFID tag and a sheet material; 
FIG.22 (a) and (b) respectively show a side view 
and a plane view of a state where a primary sheet 
material and a secondary sheet material are bond- 
ed by heating and pressurizing at the periphery of 
an RFID tag and a sheet-like magnetic material; 
FIG .23 (a) and (b) respectively show a side view 
and a plane view of a state where an adhesive agent 
layer at the backside of a bonded primary sheet ma- 
terial and a detachment layer are layered in order, 
and where a dividing portion such as a straight per- 
foration is arranged at a bordering portion of each 
communication device; 

FIG.24 (a) is a plane view showing a state where a 
dividing portion such as a circular perforation is ar- 
ranged at an outer side of a bonding border of each 
communication device, and FIG.6 (b) is a plane 
view of a communication device separated along a 
dividing portion such as a circular perforation; 
FIG. 25 (a) and (b) respectively show a side view 
and a plane view of a state where a plurality of RFID 
tags having cylindrical antenna coils are arranged 
at a prescribed interval in a fixedly adherent manner 
to primary sheet materials; 
FIG.26 (a) and (b) respectively show a side view 
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and a plane view of a state where a square-like 
sheet-like nnagnetic nnaterial is arranged at a pre- 
scribed interval in a fixedly adherent nnanner to a 

secondary sheet material; 

FIG. 27 (a) is a side view showing an adhesive agent 5 
layer at the backside of a bonded primary sheet ma- 
terial and a detachment layer being layered in order 
in a state where the primary sheet material and a 
secondary sheet material are bonded by heating 
and pressurizing at the periphery of an RFID tag 
and a sheet-like magnetic material, in which a di- 
viding portion such as a straight perforation Is ar- 
ranged at a bordering portion of each communica- 
tion device; FIG.27 (b) is a plane view of a commu- 
nication device separated along a dividing portion 
such as a perforation; 

FIG.28 is a plane view showing a composition, of a 
communication device regarding this invention; 
FIG.29 is a side view of FIG.28; 
FIG. 30 is a cross-sectional view showing another 
embodiment of a communication device regarding 
this invention; 

FIG. 31 is a cross-sectional view showing another 
embodiment of a communication device regarding 
this invention; 

FIG.32 is a plane view showing another embodi- 
ment of a communication device regarding this in- 
vention; 

FIG. 33 is a graph showing a measured result of 
communication distance regarding the communica- 
tion device of FIG .31 ; and 

FiG.34 is a graph showing a measured result of 
communication distance regarding the communica- 
tion device of FIG.32. 

Best mode for the Invention 

[0073] An embodiment of this invention regarding a 
communication device and an installment structure of 
the communication device, a manufacturing method of 
the communication device and an communication meth- 
od with the communication device will hereinafter be de- 
scribed in detail with reference to the drawings. As one 
example of a proposed structure of a communication de- 
vice 12, a structure of an RFID tag la having a flat con- 
centric disk-shaped antenna coil 2a will hereinafter be 
described with reference to FIG. 1 through FIG. 4. The 
RFID tag la preferably applicable to this embodiment 
relate both to those of electromagnetic coupling type 
and electromagnetic induction type although the de- 
scription below specifically deals with the latter type. 
[0074) The RFID tag 1 a shown in FIG. 1 through FIG. 
3 is one example of a communication device 1 2 for com- 
municating with electromagnetic wave by using the an- 
tenna coil 2a; the RFID tag 1 a has a flat concentric disk- 
shaped antenna coil 2a and a semiconductor IC chip 4 
serving as a control section comprised of a control cir- 
cuit, both of which being directly connected with each 



other without interfaced by a printed circuit board or the 
like, which successfully results in size reduction of the 
RFID tag la. 

[0075] The semiconductor IC chip 4 comprises an IC 
(integrated circuit) chip or an LSI (large-scale integrated 
circuit) chip packaged in an integrated manner, and 
such semiconductor IC chip 4 has incorporated therein 
a CPU (central processing unit) 4a serving as a control 
section comprised of a control circuit, a memory 4b serv- 
ing as a memory section comprised of a memory circuit, 
a sender/receiver 4c comprised of a sender/receiver cir- 
cuit and a capacitor 4d serving as a power storage 
means, as shown in FIG. 4. 

[0076] A signal sent from an external read/write de- 
vice (not shown), is received by the sender/receiver 4c, 
transmitted to the CPU 4a and converted into electric 
power to be stored in the capacitor 4d. It is now also 
allowable to omit the capacitor 4d serving as a power 
storage means, and instead continuously supply electric 
power from the external read/write device to the semi- 
conductor IC chip 4. 

[0077] The CPU 4a is responsible for reading out pro- 
grams or various data stored in the memory 4b and for 
performing necessary operations and decision, to there- 
by enable various controls. 

[0078] The memory 4b contains various programs for 
allowing operation of the CPU 4a, and various informa- 
tion to which the RFID tag 1a is provided. 
[0079] As a typical example of the concentric disk- 
shaped antenna coil 2a shown In FIG.3, a single copper 
wire having a diameter of approx. 30 (tm is wound in a . 
stacked fonn in the radial direction and in a concentric 
disk-shapedfomn; where an inductance of such antenna 
coil 2a was approx. 9.5 mH (at 125 kHz), and an elec- 
trostatic capacity of a capacitor connected for resona- 
tion to the antenna coil 2 was approx. 170 pF (at 125* 
kHz). 

[0080] The RFID tag 1a of this embodiment being 
based on the singte-wavelength amplitude shift keying 
(ASK) has a wide resonance frequency range, has an 
air core antenna coil 2a having a wire diameter as small 
as several tens micrometers, and has a CMOS-IC of ex- 
tremely small electric power consumption having a spe- 
cific send/receive circuit incorporated therein. 
[0081 ] Conventionally, since the change of a magnet- 
ic field passing through an antenna coil installed in an 
electromagnetic coupling type RFID tag and an induc- 
tion type RFID tag enables the RFID tags to receive 
electric power and to send/receive signals, there was a 
fixed idea that a conductive material such as a magnetic 
material (which creates an eddy current from the mag- 
netic field during transmittal of electric power or commu- 
nication of the RFID tag to adversely affect communica- 
tion) or a metal material being arranged near an RFtD 
tag attenuates the magnetic field and prevents opera- 
tion. Accordingly, it was common sense to remove mag- 
netic material or metal objects away from an RFID tag, 
and attachment to a metal container or to a metal object 
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has not been attempted before. 

[0082] Under the technical background that arranging 
a conductive material near an RFID tag causes the con- 
ductive material to attenuate the magnetic field and dis- 
able the RFID tag, the inventors of this invention, in a 5 
. means to put an RFID tag into effective use for a con- 
ductive material such as a magnetic material or metal, 
have found out through intensive research and experi- 
mentation that magnetic flux can be effectively induced 
and electromagnetic communication with the external fo 
can be perfomried even when an RFID tag is attached 
to a conductive material as long as a sheet-like magnetic 
material having a high specific magnetic permeability is 
arranged extending from a magnetic flux-generating 
portion formed at an antenna coil of the RFID tag to a is 
direction extending outward of the antenna coil, thereby, 
allowing the RFID tag to be used effectively in relation 
to the conductive material. 

[0083] An RFID tag receives an alternating magnetic 
field sent from an extern al read/write device through res- 20 
onance frequency of the antenna coil installed within the 
RFID tag. The conventional RFID tag being based on a 
frequency shift keying (FSK) for expanding communica- 
tion distance using two waves (e.g. 125 kHz and 117 
kHz) uses a ferrite core upon the antenna coil for in- 25 
creasing received electric power and expands commu- 
nication distance by widening a wire diameter of the an- 
tenna coil and then coiling the antenna coil into a plurally 
colled form. 

[0084] In a case where a conductive material such as 30 
a metal or a magnetic material is placed in a vicinity of 
the RFID tag, using the two-wave frequency shift keying 
(FSK) type raised a problem of frequency shifting and 
resulted to reduction of received electric power, and also 
raised a problem of communication error to disable com- 35 
munlcation and resulted to an extreme decrease in com- 
munication distance; accordingly, there was a fixed Idea 
that attaching and using a RFID tag upon a conductive 
material such as a metal or a magnetic material was 
practically impossible. 40 
[0085] Nevertheless, the recent RFID tag being 
based on a single-wave length amplitude shift keying 
(ASK) has a wide resonance frequency range, has an 
antenna coil having a wire diameter as small as several 
tens micrometers, and has a CMOS-IC of extremely 
small electric power consumption having a specific 
send/receive circuit incorporated therein. 
[0086] Experimental results obtained by the present 
inventors revealed that communication using an RFID 
tag based on the ASK system is less sensitive to fre- so 
quency shifting and is hardly affected by a conductive 
material placed in the vicinity thereof, since such RFID 
tag 1 a has a wider resonance frequency range as com- 
pared with that of the tag based on the FSK system and 
will not cause reduction in received electric power. ss 
[0087] Further, experimental results obtained by the 
present inventors revealed that magnetic field could 
transmit even through a narrow opening owing to a dif- 
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fraction phenomenon, and further revealed that an al- 
ternating magnetic field serving as an electric power 
conveying medium and an information transmitting me- 
dium could be sent/received between the RFID tag and 
an external read/write device even when the RFID tag 
ia surrounded by a conductive material by forming a 
magneticf lux leakage path (being a bonding surface be- 
tween separated conductive materials or a contacting 
surface of screw portion; or a physical slight opening 
such as a slit, a notch, or a physical slight opening) so 
as to allow leakage of magnetic flux for sending/receiv- 
ing at a practical level. 

[0088] In FIG.1, a sheet-like amorphous magnetic 
material 5 serving as asheet-like magnetic material hav- 
ing a high specific magnetic permeability is arranged on 
one side at a bottom side of the concentric disk-shaped 
antenna coll 2a in a manner extending along the anten- 
na coil 2a from an intemnediary portion between a diam- 
etral center of the antenna coil 2a and a Inner peripheral 
portion of the antenna coil 2a to a direction outward of 
one of the ends of the antenna coil 2a, in which the 
sheet-like amorphous magnetic material 5 and the RFID 
tag 1a including the antenna coil 2a are sealed by a resin 
6 in an integrated manner. 

[0089] In FIG.2,the RFIDtag la including the antenna 
coil 2a is sealed by the resin 6 and the sheet-like amor- 
phous magnetic material 5 is arranged on one side at a 
bottom side of a case made from the resin 6 in a manner 
extending along the antenna coil 2a from an intermedi- 
ary portion between the diametral center of the antenna 
coil 2a and the Inner peripheral portion of the antenna 
coil 2a to a direction outward of one of the ends of the 
antenna coll 2a. 

[0090] FIG. 5 shows a result from a measuring method 
In FIG.6 for measuring the induction of an electric? field 
characteristic (magnetic flux density characteristic) in 
relation to each portion of the RFID tag la when an elec- 
tromagnetic wave (magnetic flux) from the external Is 
applied upon the RFID tag la having the concentric 
disk-shaped antenna coll 2a, in which a curving line a 
(Indicated with a solid line in FIG. 5) is the electric field 
characteristic when a sheet-like amorphous magnetic 
material 5 is not arranged, and a cun/ing line b (indicated 
with a broken line in FtG.5) is the electric field charac- 
teristic when a sheet-like amorphous magnetic material 
5 is arranged. 

[0091] Having the diametral center of the antenna 
coil 2a serve as the center, the curving line 6 expediently 
describes an over-all electric-field characteristic, where- 
in the curving line b at the left side of FIG.5 indicates a 
case where the sheet-like amorphous magnetic material 
5 is arranged at the left side of the antenna coil 2a, and 
the curving line b at the right side of FIG.5 indicates a 
case where the sheet-like amorphous magnetic material 
5 Is arranged at the right side of the antenna coll 2a. In 
an actual case, the curving line b would appear only on 
one of the either sides of FIG.5. 
[0092] The curving line b shown In FIG.5 Indicates 
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that the peak value of the eiectric-field characteristic and 
sensitivity beconne higher when the sheet-like amor- 
phous magnetic material 5 is arranged extending from 
the magnetic flux generating portion A of the antenna 
coil 2a to an outward direction of the antenna coil 2a. 
[0093] In the concentric disk-shaped antenna coll 2a, 
the magnetic flux generating portion A having the peak 
of the electric-field characteristic appearing thereat ex- 
ists at an intermediary portion substantially between the 
diametral center of the antenna coil and the inner pe- 
ripheral portion 2ai of the antenna coil 2a, in which mag- 
netic flux generating portion A has the sheet-like amor- 
phous magnetic material 5 extending therefrom to a di- 
rection outward of the antenna coil 2a. 
[0094] As indicated with the curving lines a, to of FIG. 
5, the magnetic flux generating portion A would not shift 
with or without the sheet-like amorphous magnetic ma- 
terial 5. 

[0095] In employing an electric-field characteristic 
measuring device shown in FIG.6, a concentric disk- 
shaped antenna coil 2a of a World Disk Tag series made 
from Sokymat Inc. is arranged upon a measuring stage 
7, and an SSG oscillator 9 (Kenwood FG-273 Ser. 
7020087) is electrically connected to both portions of the 
antenna coil 2a, and a sinusoidal wave output having a 
frequency of 125 kHz, 12 Vpp (voltage amplitude from 
one peak to the other peak being 1 2V) is applied. 
[0096] As a means for measuring electric field 
strength generated at the periphery of the antenna coil 
2a, a pick up coil 8 is employed. The employed pick-up 
coil 8 is tuned to 125 kHz from a 1 mH open magnetic 
type inductor and a 1591 pF tuning ceramic condenser 
is employed as the pick up coil. 
[0097] Subsequently, a probe of an oscilloscope 10 
(Sony-Tektronix TDS34 OAP Ser J300635) is electrical- 
ly connected to both sides of the pick-up coil 8; upon the 
measuring stage 7, the pick-up coil is plotted every con- 
centric 5mm from the diametral center o^ along an X-Y 
plane and an X-Z plane, and then, the electric voltage 
value inducted to the pick-up coil 8 from one peak to the 
other peak is measured. 

[0098] FIG. 5 shows the electric-field characteristic of 
the RFID tag 1 a having a concentric disk-shaped anten- 
na coil 2a measured at each position of the RFID tag 
1 a, in which the electric field being measured at the elec- 
tric voltage peak is in proportion to the magnetic flux 
generated at the electric voltage peak and the magnetic 
flux generating portion A exists at an intermediary por- 
tion between the diametral center of the antenna coil 
2a and the inner peripheral portion 2a f of the antenna 
coil 2a. 

[0099] It is now to be noted that a relative amount of 
sensitivity can be obtained at an intennediary portion 
between the inner peripheral portion 2a1 of the antenna 
coil 2a and the outer peripheral portion of the antenna 
coil 2a. Therefore, the sheet-like amorphous magnetic 
material 5 can be arranged extending from a radial in- 
termediary portion of the antenna coil 2a to an outward 
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direction of the antenna coil 2a in a case where a slight 
decrease in communication sensitivity is permissible. 
Thereby, the required amount of the sheet- 1 ike amor- 
phous magnetic material can be reduced. The sheet- 

5 like amorphous magnetic material 5 can also be shaped 
as a fan or a square whether or not the decrease in com- 
munication sensitivity is permissible. 
[0100] The sheet-like amorphous magnetic material 
5 is an amorphous alloy formed in a sheet-like shape, 
in which the amorphous alloy is typically fonned as a 
tenacious foil body by means of a super quenching 
method. The sheet-like amorphous magnetic material 5 
has the characteristics such as having a high magnetic 
permeability; having a low coercive force; having a low 

^5 Iron loss; having a low hysteresis loss; having a low eddy 
current; being capable ot widely controlling magnetic 
distortion; having a high electricity resistance; having lit- 
tle variation In temperature; having a low themial expan- 
sion coefficient; and having little variation in rigidity. 

20 [0101] An amorphous magnetic material generally 
has an extremely high specific magnetic permeability 
ranging from several ten thousands to several millions. 
For example, a sheet-like magnetic material of Fe-Ni- 
Mo-B-S system being sold in the market by Allied Chem- 

25 ical Corporation (U.S.A.) has a specific magnetic per- 
meability of 800 thousand; further, a sheet-like amor- 
phous magnetic material having a similar composition 
and a high specific magnetic permeability is sold in the 
market by Hitachi Kinzoku K.K.; and both could be em- 

50 ployed for the present invention. 

[0102] The amorphous alloy could be formed In^a 
flake-like shape. This flake-like amorphous alloy Is 
formed in a sheet-like shape such as " am orsic sheet " 
(name of product) manufactured by Riken K.K. > 

35 [0103] This amorsic sheet has cobalt amorphous al- 
loy flakes with a high specific magnetic permeability 
shaped as bamboo leaves being uniformly scattered up- 
on an insulated film and being fixed thereto in a sand- 
wiched manner. 

40 [01 04] Further, the flake-shaped amorphous magnet- 
ic materials being in a scattered state can be molded 
into a sheet-like form to allow being used as a magnetic 
protective sheet. 

[0105] As shown in FIG. 1 and FIG.2, the sheet-like 
^5 amorphous magnetic material 5 Is formed in a shape of 
a fan and Is arranged in a manner extending from the 
magnetic flux generating portion A to an outward direc- 
tion of the antenna coil 2a. The angle of the fan 0 is de- 
sirable to be approximately 90 degrees and the degree 
50 is desirable to be ranged between 60 degrees through 
1 80 degrees from a practical aspect. 
[0106] FIG.7 shows the measured result of the com- 
municable magnetic flux area (maximum communica- 
tion distance L^ax) ^ surface direction (lateral direc- 
ts tion of FIG.2 (b)) of the antenna coil 2a of the RFID tag 
1a, in a case where the fan-shaped sheet-like amor- 
phous magnetic material 5 of FIG.2 having an angle 0 
of 90 degrees is arranged below the RFID tag 1 a having 
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the concentric disk-shaped antenna coil 2a and is ar- 
ranged on top of a stainless steel sheet serving as a 
conductive material (not shown), and where the RFID 
tag 1a sealed by the resin 6 Is placed upon the sheet- 
like amorphous magnetic material 5. s 
[0107] In FIG.7, a Fe-Ni-Mo-B-S system having a 
maximum magnetic pemieability \l of 800000 manufac- 
tured by Allied Signal Inc. Is employed as the sheet-like 
amorphous magnetic material wherein the diameter re- 
garding the outer diameter of the concentric disk- io 
shaped antenna coil 2a is 25mm and the inner diameter 
thereof is 20mm; the diameter regarding the outer diam- 
eter of the fan-shaped sheet-like amorphous magnetic 
material 5 is 80mm and the inner diameter thereof is 
10mm; and the thickness of the sheet-like amorphous is 
magnetic material 6 is 30 ixm. 

[0108] In FIG.7, a communicable magnetic flux area 
0 appears at an outer side of the sheet-like amorphous 
magnetic material 5 in a shape similar to the fan shape 
of the sheet-like amorphous magnetic material 5 In 20 
which a maximum point being the maximum commu- 
nication distance L^^^ is extended 50mm from the di- 
ametral center of the antenna coil 2a to a direction of 
the sheet-like amorphous magnetic material 5. 
[0109] It should now be noted that under the same 
conditions, the maximum communication distance L^^a^ 
is 27mm when the antenna coil 2a is placed upon the 
stainless steel sheet without the sheet-like amorphous 
magnetic material 5; the maximum communication dis- 
tance L^3j^ is 25mm when the sheet-like amorphous 30 
magnetb material 5 is arranged entirely across the coil 
surface of the antenna coil 2a and placed upon the stain- 
less steel sheet; and the maximum communication dis- 
tance is 24mm when a donut-shaped sheet-like 
amorphous magnetic material 5 is arranged entirely 35 
across the bottom surface of the antenna coil 2a and 
placed upon the stainless steel sheet. 
[01 1 0] Accordingly it has been revealed that the max- 
imum communication distance 1^^^^ would be greater 
when the sheet-like amorphous magnetic material 5 is 40 
arranged in a manner extending from the magnetic flux 
generating portion A fomned at the antenna coil 2a and 
extending to an outward direction of the antenna coil 2a 
(as shown In FIG.1, FIG. 2, FIG. 5 and FIG.7) compared 
to when there is no sheet-like amorphous magnetic ma- 45 
terial 5 or when the sheet-like amorphous magnetic ma- 
terial 5 Is arranged entirely across the antenna coll 2a. 
[0111] FIG. 8 shows a measured result regarding a 
transition of the maximum communication distance L^g^ 
of maximum point when the angle G of the fan shaped so 
sheet-like amorphous magnetic material 5 placed upon 
the stainless steel sheet (shown in FIG.7) is altered from 
60 degrees through 180 degrees. 
[0112] The maximum communication distance L^^^ 
from the diametral center of the antenna coil 2a to 55 
the maximum point is 42mm when the angle G of the 
fan shaped sheet-like amorphous magnetic material 5 
is 60 degrees; corresponding with the increase of angle 



G from 60 degrees through to 90 degrees, the maximum 
communication distance L^^x maximum point ex- 
pands gradually; and when the angle 6 reaches 90 de- 
grees, the maximum communication distance L^^^ tran- 
sits to a maximum of 50mm. 

[01 13] Further, corresponding with the increase of an- 
gle G from 90 degrees to 180 degrees, the maximum 
communication distance L^^^ of maximum point 
shrinks gradually; the maximum communication dis- 
tance L^^y^ was 48mm in an angle 6 of 1 20 degrees; and 
the maximum communication distance L^^a^ was 40mm 
in an angle G of 180 degrees. 

[0114] Accordingly, results of the experiments reveal 
that the most suitable angle for the fan-shaped sheet- 
like amorphous magnetic material G Is 90 degrees; and 
when the angle 6 is ranged between 60 degrees and 
180 degrees, the maximum communication distance 
*-max would be greater when the sheet-like amorphous 
magnetic material 5 is arranged In a manner extending 
from the magnetic flux generating portion A formed at 
the antenna coil 2 to an outward direction of the antenna 
coil 2a, compared to when there is no sheet-like amor- 
phous magnetic material 5 or when the antenna coil 2a 
is arranged entirely upon the sheet-like amorphous 
magnetic material 5. 

[0115] FIG.9 is a diagram showing the relation be- 
tween an outer diameter R of the fan shaped sheet-like 
amorphous magnetic material (extending length) and 
the maximum communication distance L^^^, wherein an 
sheet-like amorphous magnette material manufactured 
by Allied Signal Inc. U.S.A (an Fe-Ni-Mo-B-S system 
having a maximum magnetic permeability \i of 800000, 
an outer diameter of the antenna coil 2a being 25mm, 
an inner diameter of the antenna coil 2a being 20mm, 
the thickness of the sheet-like amorphous magnetic ma- 
terial 5 being 30 ^m) is employed, wherein the relation 
between the outer diameter R and the maximum com- 
munication distance L^j^^x measured by changing the 
outer diameter R of the fan shaped sheet-like amor- 
phous magnetic material when the inner diameter of the 
fan-shape r is 10mm and the angle G of the fan-shape 
is 90 degrees in a state where the antenna coil is placed 
on the stainless steel sheet. 

[0116] The maximum communication distance L^^^^ 
of maximum point B^ is 300mm when the outer diameter 
/? of the fan shaped sheet-like amorphous magnetic ma- 
terial 5 is 40mm; the maximum communication distance 
Ln^3j^ of maximum point B^ expands gradually between 
the range from 40mm through 80mm; the maximum 
communication distance L^g^ of maximum point B^ is 
350mm when the outer diameter R of the fan shaped 
sheet-like amorphous magnetic material 5 is 60mm; and 
when the outer diameter R reaches 80mm. the maxi- 
mum communication distance L^^^ transits to a maxi- 
mum of 380mm. 

[0117] When the outer diameter becomes 80mm or 
more, the maximum communication distance Lj„ax 
would saturate to maintain a distance of 380mm. Ac- 
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cordingly. the most suitable length for the outer diameter 
R of the fan-shaped sheet-like amorphous magnetic 
material is 80mm, and therefore, a length exceeding 
80mm would cause material cost to become costly and 
wasteful. 

[0118] In a same manner as FIG.9, in a case where 
the sheet-like amorphous magnetic material 5 and the 
antenna coil 2a are placed upon an aluminum sheet or 
a copper sheet serving as a conductive member instead 
of the stainless steel sheet, the maximum communica- 
tion distance L^^^ was 230mm when the outer diameter 
of the fan shaped sheet-like amorphous magnetic ma- 
terial 5 was 80mm or more. Further, the maximum com- 
munication distance L^^g^ was 200mm in a case where 
there was neither conductive material nor a use of the 
sheet-like amorphous magnetic material 5. 
[01191 Accordingly, it is revealed that the maximum 
communication distance L^ax would be greater when 
the antenna coil 2a is placed upon a conductive material 
such as a stainless steel sheet, an aluminum sheet or 
a copper sheet via the sheet-like amorphous magnetic 
material 5 compared to when there Is no conductive ma- 
terial. 

[0120] As shown in FIG.IOand FIG. 11 , the sheet-like 
amorphous magnetic material 5 serving as a sheet-like 
magnetic material with a high specific magnetic perme- 
ability Is arranged on one side of a core member 3 of 
the RFID tag 1b having a cylindrical antenna coil 2a, in 
which the sheet-like amorphous magnetic material 5 is 
arranged in a manner extending from one of the tip end 
portions of the core member 3 to an outward direction 
of the core member 3. 

[0121] The antenna coil 2b has the magnetic flux gen- 
erating portion A (see FIG.1 3) formed on an end portion 
in an axial direction thereof, in which the end portion has 
an sheet-like amorphous magnetic material 5 arranged 
thereto in a manner extending to an outward direction 
of the antenna coil 2b. 

[0122] As shown in FIG. 12, the core member 3 having 
a cylindrical shape and being made of iron, fen'ite or the 
like is inserted into the single-wire-wound cylindrical an- 
tenna coil 2b along the axial direction of the antenna coll 
2b (the lateral direction in Fig. 12). 
[0123] As a typical example of the antenna coil 2b, a 
single copper wire having a diameter of approx. 30 |xm 
Is wound in a stacked form in the axial direction and in 
a cylindrical form; where an inductance of such antenna 
coil 2b was approx. 9.5 mH (at 125 kHz), and an elec- 
trostatic capacity of a capacitor connected for resona- 
tion to the antenna coil 2b was approx. 170 pF (at 125 
kHz). 

[0124] In FIG.1 0, a square-like sheet-like amorphous 
magnetic material 5 is arranged and adhered to the bot- 
tom surface of the antenna coil 2b in a manner extending 
from an end portion in an axial direction and extending 
to an outward axial direction, wherein the antenna coil 
2b, the core member 3, the semiconductor IC chip 4 (see 
FIG. 12) and the sheet-like amorphous magnetic mate- 



rial 5 are sealed and fixed by the resin 6 in an integrated 
manner. 

[0125] In FIG. 11 , after the antenna coil 2b, the core 
members, and the semiconductor IC chip 4 are sealed 
into a case by the resin 6, a square-shaped sheet-tike 
amorphous magnetic material 5 is fixed and adhered to 
a bottom portion of the case in a manner extending from 
the end portion of the antenna coil 2b in an axial direction 
and extending to an outward axial direction. 
[0126] It Is now to be noted that the two sheets of the 
sheet-like amorphous magnetic material 5 can be re- 
spectively arranged upon the top and bottom side of the 
antenna coll 2b in a manner sandwiching the end portion 
of the antenna coil 2b in an axial direction; or one sheet 
of the sheet-like amorphous magnetic material 5 could 
be fonned in a letter U shaped cross-section and ar- 
ranged in a manner sandwiching the end portion of the 
antenna coil 2b in an axial direction. Further, a cap- 
shaped sheet-like amorphous magnetic material 5 could 
be arranged In a manner covering the end portion of the 
antenna coil 2b in an axial direction. 
[01 27] FIG. 1 3 indicates the electric field characteris- 
tic at each position of the RFID tag lb having a cylindri- 
cal antenna coii 2b, which has been measured in a same 
manner by the measurement device shown in FIG. 6. As 
shown in FIG.1 3, a numeral 02 being the center of an- 
tenna coil 2b becomes the minimum point regarding the 
electric-field characteristic of the magnetic flux, and 
both end portions of the antenna coil 2b become the 
maximum point regarding the electric-field characteris- 
tic. 

[0128] FIG. 14 shows an experiment result of a com- 
municable magnetic flux area B (communicable maxi- 
mum distance L^ax) ^^e antenna coil 2b of the RFID 
tag lb shown in FIG.1 1. Employed for the sheet-like 
amorphous magnetic material 5 is a Fe-Ni-Mo-B^S sys- 
tem manufactured by Allied Signal Inc. U.S.A. having a 
maximum magnetic permeability {i of 800000, having a 
thickness of 30 jim, and having each side of the four 
sided square shape of a 10 mm length, wherein the 
sheet-like amorphous magnetic material 5 is arranged 
In a manner extending from the magnetic flux generating 
portion A formed at both end portions of the antenna coll 
2b to an outward direction of the antenna coii 2b. 
[01 29] The maximum communicable distance L^g^ 's 
measured by the measuring device shown in FIG. 6 in a 
state where the RFID tag lb is arranged upon a stain- 
less steel sheet. As shown in FIG. 1 4, the communicable 
magnetic flux area B is formed in a gourd-shape along 
an axial direction of the antenna coil 2b; extending in an 
axia! direction of antenna coil 2b, the maximum point B^ 
of the maximum communicable distance L^^^^ appears 
on the side where the sheet-like amorphous magnetic 
material 5 is arranged. 

[0130] In FIG.1 4, on the side where the sheet-like 
amorphous magnetic material 5 Is arranged in a manner 
extending in an axial direction of antenna coil 2b, the 
maximum communicable distance L^^y^ from the center 
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02 of the antenna coil 2b to the maximum point was 
52mm; on the opposite side of the sheet-like amorphous 
magnetic material 5 extending in an axial direction of 
antenna coll 2b, the maximum communicable distance 
•-max was 50mm; and the maximum communicable dis- 
tance L^3jj starting from the center in a direction per- 
pendicularly Intersecting to the axial direction of the an- 
tenna coll 2b Is 13mm. 

[0131] FIG.15 is one example showing a maximum 
communicable distance L^^,^ when the sheet-like amor- 
phous magnetic material 5 shown in FIG. 14 is also ex- 
tended from the magnetic flux generating portion 4 to a 
central side (right side of FIG.1 4) in an axial direction of 
the antenna coil 2b. 

[0132] In FIG. 14, when the right end portion of the 
sheet-like amorphous magnetic material 5 was posi- 
tioned at the magnetic flux generating portion 4, the 
maximum communicable distance L^^^^ was 52mm as 
mentioned above; when the right end portion of the 
sheet-like amorphous magnetic material 5 was extend- 
ed to the center of the antenna coil 2b, the maximum 
communicable distance Lj^^y^ was 40mm; and when the 
sheet-like amorphous magnetic material 5 was extend- 
ed across the entire length of the antenna coil 2b, the 
maximum communicable distance L^^ax was 22mm. 
[01 33] As for conductive materials which generate an 
eddy current from the magnetic field H generated during 
communication or electric power transmittal with the 
RFID tag 1a, 1 b and generate a counter magnetic flux 
to attenuate the initial magnetic flux and to cause an ad- 
verse effect in communication, there are for example the 
aforementioned stainless steel sheet, copper sheet and 
aluminum sheet, and also ferromagnetic metals such as 
iron, cobalt, nickel, alloys thereof and ferrite, paramag- 
netic metals such as aluminum, copper and chrome, 
and conductive plastics.. 

[0134] In FIG.1 6, the RFID tag 1a, 1 b, which includes 
the concentric disk-shape antenna coil 2a or the cylin- 
drical antenna coll 2b having the sheet-like amorphous 
magnetic material arranged thereto in the aforemen- 
tioned manner, is housed within an Installment groove 
portion 11a of an Installment member 11 serving as an 
Installing object made from a conductive material having 
a circular grooved cross-section or the like, and the resin 
6 serving as a protective member covers and seals at 
least the surface of the RFID tag la, 1 b. 
[0135] In FIG. 16, an external read/write device (not 
shown) could perform non-contact communication us- 
ing electro-magnetic wave and extract information 
memorized into the RFID tag la, 1 b by using a magnetic 
field formed from a leaking magnetic flux which leaks 
upward of the resin 6. Other than a circular shape, the 
shape of the cross-section of the installment groove por- 
tion 1 1 a could be a .square shape, an elliptic shape, cir- 
cular arc groove shape and other various shapes. 
[0136] Although not shown in the drawings, the RFID 
tag 1 a, 1 b having the antenna coll 2a, 2b with the sheet- 
like amorphous magnetic material 5 arranged thereto Is 



housed within the installment groove portion 11a, 
wherein at least the surface of the RFID tag 1 1 b can be 
covered and protected by a substantially flat lid member 
serving as a protective member made from a conductive 
5 material or a non-magnetic member (such as resin or 
ceramic). 

[0137] The lid member could be fixed to the Install- 
ment member 11 by screwing, bolting, or adhering, ac- 
cording to circumstance. When the lid member is of a 

10 conductive material, a magnetic flux leakage path Is 
formed at the bonding portion between the installment 
member 11 and the lid member so that a sufficient 
amount of magnetic flux could leak for enabling sending/ 
receiving at a practical level; for example, a flat smooth 

15 contacting surface for providing a prescribed gap Is to 
be formed when fixing by means of adhering or bolting, 
and a contacting surface of a screw portion for providing 
a prescribed gap Is to be f omned at a screw engagement 
portion when fixing by means of screwing. 

20 [0138] It is realistic to form the contacting surface by 
means of processing the surface roughness of the con- 
tacting surface and not by means of designing a partic- 
ular gap; in such case, the opposing contacting surfaces 
should contact in a dispersed manner so that the mag- 

25 netic flux leakage path could be formed at the dispersed 
non-contacting portions. 

[0139] For example, it has been proved that a gap of 
at least approx. 0.08 \im could be fomned to obtain a 
prescribed practical amount of leaked magnetic wave 

30 by means of processing the surface roughness of one 
of the opposing sides into approx. 0.04 fim. 
[0140] It should now be noted that a notch, a hole, or 
a slit or the like could be fonned at the lid member for 
serving as the magnetic flux leakage path for leaking 

55 magnetic flux. Subsequently, an external read/write de- 
vice (not shown) could extract information memorized 
into the RFID tag 1 a, 1 b by using a magnetic field formed 
from a leaking magnetic flux, which leaks from the mag- 
netic flux leakage path fomried between the installment 

40 member 11 and the lid member. 

[0141] It should now be noted that when the lid mem- 
ber is of a non-magnetic material, an external read/write 
device (not shown) could extract information memorized 
into the RFID tag 1 a, 1 b by using a magnetic field formed 

45 from a leaking magnetic flux, which leaks upward of the 
resin 6 and the lid member. 

[0142] It should now be noted that a notch, a hole, or 
a slit or the like could be fonned at the lid member for 
serving as the magnetic flux leakage path for leaking 

so magnetic flux. The slit is formed in a shape of a straight 
line, a shape of a cross, or a radiating shape, at the ceil- 
ing center portion of the cap-like lid member. 
[01 43] In FIG.1 7, the RFID tag 1 a,' 1 b having the con- 
centric disk-shaped antenna coil 2a or the cylindrical an- 

55 tenna coil 2b with the sheet-like amorphous magnetic 
material 5 arranged thereto is housed inside a container 
comprised of a lid member 16 and a housing container 
1 5 made from a conductive material being separable in- 
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to at least two portions, wherein the magnetic flux leak- 
age path 14 is fonned at the bordering portions of the 
lid nnember 16 and the housing container 15 being the 
separable portions of the container, or formed upon at 
least either the housing container 1 5 or the lid member s 
16. 

[0144] The lid member 16 could also be fixed to the 
housing container 1 5 by screwing or adhering or the like, 
according to circumstance. When the lid member 16 is 
of a conductive material, a magnetic flux leakage path 
1 4 is formed at the bonding portion between the housing 
container 15 and the lid member 16 so that a sufficient 
amount of magnetic flux could leak for enabling sending/ 
receiving at a practical level; for example, a flat smooth 
contacting surface for providing a preschbed gap is to 
be formed when fixing by means of adhering, and a con- 
tacting surface of a screw portion for providing a pre- 
scribed gap is to be formed at a screw engagement por- 
tion when fixing by means of screwing. 
[0145] It should now be noted that a notch, a hole, or 
a slit or the like could be fomned at the lid member 1 6 or 
the housing container 1 5 for serving as the magnetic flux 
leakage path 14 for leaking magnetic flux. Subsequent- 
ly, an external read/write device (not shown) could ex- 
tract information memorized into the RFID tag 1 a, 1 b by 
using a magnetic field formed from a leaking magnetic 
flux, which teaks from the magnetic flux leakage path 1 4 
formed between the housing container 15 and the lid 
member 16. 

[0146] In FIG. 18, the RFID tag la. 1b having the con- 
centric disk-shaped antenna coil 2a or the cylindrical an- 
tenna coil 2b with the sheet-like amorphous magnetic 
material 5 arranged thereto is attached to an upper lid 
1 7 or a main body 1 8 of a laptop personal computer or 
the like being the installment member made from a con- 
ductive material, wherein one end portion of the upper 
lid 1 7 and the main body 1 8 are attached by an opening- 
closing mechanism 19 (e.g. a hinge mechanism) for 
forming an openable structure relative to each other. 
[0147] The magnetic flux leakage path 14 Is formed 
at an opening-closing surface being a bonding portion 
between the upper lid 17 and the main body 18 so that 
a sufficient amount of magnetic flux could leak for ena- 
bling sending/receiving at a practical level, and a sub- 
stantially flat smooth contacting surface for providing a 
prescribed gap is formed. 

[0148] Subsequently, an external read/write device 
(not shown) could extract information memorized into 
the RFID tag la, lb by using a magnetic field formed 
from a leaking magnetic flux, which leaks from the mag- 
netic flux leakage path 1 4 formed between the upper lid 
17 and the main body 18. It is preferable for the sheet- 
like amorphous magnetic material 5 to be extended from 
the antenna coil 2a or 2b to the magnetic flux leakage 
path portion. 

[0149] Although not shown in the drawings, the RFID 
tag 1 a, 1 b having the concentric disk-shaped antenna 
coil 2a or the cylindrical antenna coil 2b with the sheet- 



like amorphous magnetic material 5 arranged thereto is 
fixed by means of adhering or the like upon a printed 
circuit board being the installment member made from 
a conductive material, in which the printed circuit board 
can be fomned from stacked metal sheets or electric cir- 
cuits. 

[01 50] The magnetic flux leakage path is formed at a 

space created by a spacer or the like between the 
stacked printed circuit boards so that a sufficient amou nt 
of magnetic flux could leak for enabling sending/receiv- 
ing at a practical level. 

[0151] Subsequently, an external read/write device 
(not shown) could extract information memorized into 
the RFID tag la, lb by using a magnetic field formed 
from a leaking magnetic flux, which leaks from the mag- 
netic flux leakage path fomried between the respective 
stacked printed circuit boards. 

[0152] The container can for example be formed into 
a card type by overiapping and joining two sheet-like 
members. The communication device 1 2 can be a metal 
nameplate allowing non-contact communication. 
[01 53] It is now to be noted that the RFID tag 1 b hav- 
ing the cylindrical antenna coil 2b with the sheet-like 
amorphous magnetic material 5 arranged thereto, can 
be placed In a slanting manner inside the installment 
groove portion 1 1 a of the installment member 11 made 
from a conductive material, and can be sealed and fixed 
therein by the resin 6. 

[01 54] A flat sheet-like amorphous magnetic material 
5 can be anranged In a manner extending in a direction 
toward an opening portion of the installment groove por- 
tion 11a from the magnetic flux generating portion A 
formed in an axial direction at the end portion of the cy- 
lindrical antenna coil 2b to a portion close to an opening 
surface. - 
[0155] The sheet-like amorphous magnetic material 
5 can be arranged and fixed by means of adhering or 
the like upon a peripheral surface wall of the installment 
groove portion 11a in an encircling manner, and the 
RFID tag lb having the cylindrical antenna coil 2b can 
be slantingly arranged with the tip portion of the antenna 
coil 2b being close to or contacting to the sheet-like 
amorphous magnetic material 5. 
[01 56] Although the foregoing embodiment describes 
one example of the communication device 12 being In- 
stalled inside the installment groove 11a formed on the 
surface of the conductive installing object, the commu- 
nication device 12 can also be arranged on the surface 
of the conductive installing object. 
[01 57] It should now be noted that each of the forego- 
ing embodiments are examples having the RFID tag 11b 
serve as the communication device 12. Other possible 
examples of the communication device 12 are: a read/ 
write device for communicating with RFID tag la, lb; 
and a sheet-like amorphous magnetic material 5 having 
a high specific magnetic permeability arranged in a 
manner extending from a magnetic flux generating por- 
tion formed at the antenna coil of an IC card or the like 
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having the antenna coil and the control section, and thus 
extending in an outward direction of the antenna coll. 
[0158] This communication device 12 enables non- 
contact communication with the external by using elec- 
tro-magnetic wave in a state where the directivity of the 
antenna colls 2a or 2b Is enhanced by the sheet-like 
amorphous magnetic material 5. 
[0159] With the communication device 12 shown in 
FIG. 19 to FIG. 24, an antenna coil 2a of an RFIDtag 1a, 
a sender/receiver 4c comprised of a sender/receiver cir- 
cuit, a memory 4b comprised of a memory circuit, and 
a CPU (central processing unit) 4a comprised of a con- 
trol circuit are contained inside a sealed container serv- 
ing as a container made from a non-conductive resin or 
the like, and a sheet-like amorphous magnetic material 
5 being a sheet-like magnetic material with a high spe- 
cific magnetic penneabllity is arranged parallel to one 
side of the antenna coil 2a of the RFID tag 1a. 
[0160] In a case where an antenna coil of a commu- 
nication device is installed inside an object made from 
a conductive material, the sheet-like amorphous mag- 
netic material 5 serving as a sheet-like magnetic mate- 
rial with a high specific magnetic permeability is extend- 
ed in a prescribed length from the object to the external, 
so that a read/write device or the like arranged proximal 
to a tip end of the extended portion distanced from the 
object will enable communication with high sensitivity at 
the extended portion. In such case, the sheet-like amor- 
phous magnetic material 5 can be extended in plural di- 
rections and Is not restricted to being extended In a sin- 
gle direction of an antenna coil. 
[0161] In such case, the sheet-like amorphous mag- 
netic material 5 is arranged in a manner extending from 
a magnetic flux generating portion A of the antenna coil 
2a to an outward direction of the antenna coil 2a, In 
which a primary sheet material 21 being placed upon 
the surface side of the RFID tag la and a secondary 
sheet material 22 being placed upon the surface side of 
the sheet-like amorphous magnetic material 5 are bond- 
ed to each other. 

[0162] The method of manufacturing a communica- 
tion device 12 of this embodiment has plural RFID tags 
1 a fixedly arranged at a prescribed interval along a lon- 
gitudinal direction of the thin long primary sheet material 
21 as shown In FIG.19, and has plural sheet-like amor- 
phous magnetic materials 5 serving as sheet-like mate- 
rials fixedly arranged at a prescribed Interval along a lon- 
gitudinal direction of the thin long secondary sheet ma- 
terial 22 as shown in FIG.20. 

[0163] As shown In FIG.21 , the position of the respec- 
tive RFID tags la and the respective sheet-like amor- 
phous magnetic material 5 is adjusted so as to be 
matched into pairs, in which the primary and secondary 
sheet material 6, 7 are bonded to each other by means 
of thermal pressure or the like. 

[0164] FIG.19 shows a state where a plurality of RFID 
tag la having a concentric disk-shaped antenna coil 2a 
are arranged at a prescribed Interval and fixed upon the 



thin long primary sheet material 21 by an adhesive agent 
23 or the like; meanwhile, FIG.20 shows a state where 
the sheet-like amorphous magnetic material 5 serving 
as a sheet-like magnetic material with a high specific 

5 magnetic permeability is formed In a shape of a fan, 
wherein a plurality of the sheet-like amorphous magnet- 
ic materials 5 are arranged at a prescribed inten/al and 
fixed upon the thin long secondary sheet material 22 by 
an adhesive agent 23 or the like. 

10 [0165] The sheet-like amorphous magnetic material 
5 can be directly formed upon the secondary sheet upon 
22 by mixing a powder of an amorphous alloy into a resin 
binder with a high density, and printing with a method 
such as screen-printing. In such case, manufacture 

'5 would become easier since the adhesive agent 23 or 
the like would be unnecessary. 

[0166] A flexible sheet of polyethylene, polypropyl- 
ene, polyamide vinyl chloride resin or a copolymer of the 
foregoing can be used as the primary and secondary 

20 sheet 21, 22; the primary sheet 21 and secondary sheet 
22 can be welded and bonded to each other by means 
of applying heat and pressure, and can be of a trans- 
parent, semi-transparent or non-transparent sheet. 
[0167] More particulariy, direction of directivity or the 

25 like can be easily detennlned by having the secondary 
sheet material 22 In a transparent or semi-transparent 
manner since the sheet-like amorphous magnetic ma- 
terial 5 can be seen from outside, and further, installation 
and application can also be performed with ease. 

30 [0168] The thin long primary sheet material 21 having 
fixedly arranged plural RFID tags la, and the thin long 
secondary sheet material 22 having fixedly arranged 
plural sheet-like amorphous magnetic materials 5 are 
respectively curled into a roll, and then, the rolls of the 

35 respective sheet materials are curied out facing each 
other while adjusting position, and then, the sheet ma- 
terials are bonded in order by thermal welding. 
[0169] FIG.21 shows a state of overlapping a primary 
sheet material 21 with a secondary sheet material 22 
when positionally adjusting the respective pairs com- 
prising the RFID tag 1 a being fixed to the primary sheet 
material 21 and the sheet-like amorphous magnetic ma- 
terial 5 being fixed to the secondary sheet material 22. 
[01 70] The RFID tag 1 a and the sheet-like amorphous 

45 magnetic material 5 are positionally adjusted an-anged 
in a manner where the sheet-like amorphous magnetic 
material 5 extends from a magnetic flux generating por- 
tion A formed between a diametral center (as ex- 
plained above and shown in FIG.5) of the antenna coll 

50 2a of the RFID tag 1a and the Inner peripheral portion 
2a1 of the antenna coll 2a to an outward direction of the 
antenna coil 2a. 

[0171] As shown in FIG.20, the sheet-like amorphous 
magnetic material 5 is formed in a shape of a fan and Is 
55 arranged in a manner extending from the magnetic flux 
generating portion A to an outward direction of the an- 
tenna coil 2a. The angle of the fan G is desirable to be 
approximately 90 degrees, and from a practical aspect, 
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the degree is desirable to be ranged between 60 de- 
grees through 180 degrees. 

[0172] Subsequently, as shown in FIG. 22, at the pe- 
riphery of the RFIDtag 1a and the sheet-like amorphous 
magnetic material 5, the primary sheet material 21 and 5 
a secondary sheet material 22 are bonded (laminated) 
by means of heating and pressurizing. 
[0173] In FIG.22, the letter Cindicates a bonding por- 
tion; and as shown in FIG.22 (b), the periphery of the 
RFID tag 1a and the sheet-like amorphous magnetic io 
material 5 has a laminated bonding part at the external 
side of the bonding portion C (indicated with a long dash 
dot dot line in FIG.22). Accordingly, damage from heat 
can be prevented for the RFID tag 1a by bonding in a 
manner slightly parted from the periphery of the RFID is 
tag la. 

[0174] As shown in FIG.23, following the bonding of 
primary sheet material 21 and the secondary sheet ma- 
terial 22, an adhesive agent layer 24 at the backside of 
the primary sheet material 21 and a detachment layer 
25 are layered in order, and subsequently, a dividing 
portion 26 such as a perforation is arranged at a border- 
ing portion of primary sheet material 21 and the second- 
ary sheet material 22 for each communication device 
12. ^5 
[0175] When separating the respective communica- 
tion devices 12, the respective communication devices 
12 can easily be separated by being torn apart from the 
dividing portion 26; when attaching the respective com- 
munication devices 12 to an object or the like, a detach- 30 
ment layer 24 (e.g. paper) is peeled to reveal the adhe- 
sive agent layer 24 and the adhesive agent layer 24 
would stick upon an object so as to enable easy Install- 
ment. 

[0176] FIG.24 (a) shows a state where the circular dl- 55 
viding portion 26 (indicated with dotted line) is surround- 
ing the outer side of the circular bonding portion C (in- 
dicated with a long dash dot dot line); FIG.24 (b) shows 
a state where the communication device is torn apart 
from the FIG.24 (a) along the dividing portion 26. 40 
[0177] Other than a fan-shaped form, a square-like 
form or other various shapes could be employed as the 
shape of the sheet-like amorphous magnetic material 
with a high specific magnetic permeability. 
[0178] Next, referring to Figs. 25 to FIG.27, an exem- ^5 
plary structure of a communication device 12 having a 
cylindrical antenna coil 2b will hereinafter be explained. 
It should be noted that constitutions similar to those ex- 
plained in the foregoing embodiment would be assigned 
with the same reference numerals, while omitting the ex- so 
planations thereof. 

[0179] The antenna coii 2b of an RFID tag 1 b, a core 
members, a sender/receiver 4c comprised of a sender/ 
receiver circuit, a memory 4b comprised of a memory 
circuit, and a CPU (central processing unit) 4a com- 55 
prised of a control circuit as shown in FIG. 25 and FIG. 
27 are contained inside a container body such as a non- 
conductive glass container or a sealed container made 
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of resin or the like, in which plural RFID tags 1b having 
cylindrical antenna coils 2b are arranged at a prescribed 
interval and fixed to a primary sheet material 21 with an 
adhesive agent 23 or the like as shown in FIG. 25, and 
plural sheet-like amorphous magnetic materials 5 hav- 
ing a shape corresponding to the shape of the RFID tag 
lb arranged at a prescribed interval and fixed to a sec- 
ondary sheet material 22 with an adhesive agent 23 or 
the like as shown in FIG. 26. 

[01 80] FIG .27 shows a bonding state where a primary 
sheet material 21 with fixedly arranged RFID tags lb 
having plural cylindrical antenna coils 2b is bonded to a 
secondary sheet material 22 with fixedly arranged plural 
sheet-like amorphous magnetic materials 5. 
[0181] As shown in FIG. 13, in temris of the RFID tag 
1b having the cylindrical antenna coil 2b, the primary 
sheet material 21 and the secondary sheet material 22 
are bonded so that the sheet-like amorphous magnetic 
material 5 serving as the sheet-like magnetic material 
having a high specific magnetic permeability would be 
arranged in a manner extending from the magnetic flux 
generating portion A formed at an end portion in a axial 
direction of antenna coil 2b (lateral direction of FIG. 13) 
to an outward direction of the antenna coil 2b. 
[0182] As shown in FIG.27 (a), foMowing the bonding 
of primary sheet material 21 and the secondary sheet 
material 22, an adhesive agent layer 24 at the backside 
of the primary sheet material 21 and a detachment layer 
25 are layered in order, and subsequently, a dividing 
portion 26 such as a perforation is arranged at a border- 
ing portion of primary sheet material 21 and the second- 
ary sheet material 22 for each communication device 
12. FIG.27 (b) shows a communication device 12 being 
torn apart from the dividing portion 26. 
[0183] Preferably, the primary sheet material 2t: and 
the secondary sheet material 22 can be employed as a 
conductive material, a magnetic flux leakage path be- 
tween the external and the internal can be fonned at a 
bonding rim portion of the primary sheet material 21 and 
the secondary sheet material 22, and the sheet-like 
amorphous magnetic material 5 can be extended to the 
magnetic flux leakage path portion. 
[0184] FIG.28 is a plan view showing another struc- 
ture of a communication device 12 regarding this inven- 
tion, and FIG.29 is an enlarged side view of FIG.28. In 
these drawings, the communication device 12 has an 
RFID tag 1a for communicating by electromagnetic 
wave, a primary sheet-like magnetic material 5a and a 
secondary sheet-like magnetic material 5b, both of 
which are similar as those explained in the aforemen- 
tioned sheet-like amorphous magnetic material 5. 
[0185] Both the primary sheet-like magnetic material 
5a and the secondary sheet-like magnetic material 5b 
are formed by cutting and processing a sheet-like mag- 
netic material into a square-like shape having a thick- 
ness of approximately 1 0 \irr\ through 50 \im As shown 
in FIG.28, the primary sheet-like magnetic material 5a 
is extended from a slightly left central portion to a right- 
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outward direction along the top surface of the antenna 
coil 2a, wherein a portion of the primary sheet-like mag- 
netic material 5a is fixed to the top surface side of the 
antenna coil 2a by means such as adhering. 
[0186] Further, as shown in FIG.28, the secondary 
sheet-like magnetic material 5b is extended from a 
slightly right central portion to a left-outward direction 
along the bottom su rface of the antenna coil 2a, wherein 
a portion of the secondary sheet-like magnetic material 
5b is fixed to the bottom surface side of the antenna coil 
2a by means such as adhering. 

[0187] Accordingly, each end portion for the primary 
sheet-like magnetic material 5a and the secondary 
sheet-like magnetic material 5b, both of which being po- 
sitioned at a central portion of the antenna coil 2a, are 
partially overlapped to each other at a center portion of 
the antenna coil 2a. 

[0188] Subsequently, as shown in FIG.29, at least a 
portion of the magnetic flux passes through each the pri- 
mary sheet-like magnetic material 5a and the secondary 
sheet-like magnetic material 5b having magnetic resist- 
ance exceedingly lower than that in the air, and then 
forms a magnetic flux path (magnetic flux loop) <j), which 
passes through the antenna coil 2a and flatly expands 
in a manner shown with a broken line in FIG.29. 
[0189] Although the secondary sheet-like magnetic 
material 5b In FIG.28 is illustrated with a width slightly 
smaller than the primary sheet-like magnetic material 5a 
for making the drawing easier to understand, the actual 
width for both are the same. 

[0190] As shown in FIG.29, since the magnetic flux 
path tj) expands in a direction parallel to the surface of 
the antenna coil 2a, the communication distance ex- 
tends in thus direction and the communication directivity 
is heightened in thus direction. It should now be noted 
that the principle regarding thus expansion of commu- 
nication distance could be comprehended in a similar 
manner as that explained above. 
[0191] Although the aforementioned conventional ex- 
ample shown In Japanese Patent Publication No. 
2000-48152 has a sheet-like magnetic material inserted 
through antenna coil 2a, this embodiment does not em- 
ploy such inserting-through method; instead, the prima- 
ry sheet-like magnetic material 5a arranged on one side 
of the antenna coll 2a is extended in an outward direc- 
tion, and the secondary sheet-like magnetic material 5b 
arranged on the other side of the antenna coil 2a is ex- 
tended in an opposite outward direction, and subse- 
quently, the primary sheet-like magnetic material 5a and 
the secondary sheet-like magnetic material 5b serve to 
form the continuous magnetic flux path <j> passing 
through the antenna coil 2a. 

[0192] The communication sensitivity of the commu- 
nication device 1 2 is proportional to a magnetic flux den- 
sity of the magnetic flux path <|>, and the magnetic flux 
density is proportional to the specific magnetic perme- 
ability of the primary sheet-like magnetic material 5a and 
the secondary sheet-like magnetic material 5b. Accord- 



ingly, the primary sheet-like magnetic material 5a and 
the secondary sheet-like magnetic material 5b having 
high specific magnetic permeability should be selected, 
and it is desirable for a magnetic material to have a spe- 
5 cific magnetic penneability of at least ten thousand or 
more. A sheet-like amorphous magnetic material could 
be given as an example of a magnetic material compris- 
ing a magnetic material with a high specific magnetic 
permeability. 

10 [0193] FIG.30 shows another embodiment of the 
communication device 12. In this example, the RFID tag 
1a, the primary sheet-like magnetic material 5a and the 
secondary sheet-like magnetic material 5b shown in 
FIG.28 are all housed inside a thin type protective con- 

15 tainer 31 for allowing magnetic flux leakage. 

[0194] The protective container 31 is comprised of a 
disk-shaped top lid 32, a disk-shaped boHom lid 33, and 
a ring-like intermediary frame member 34 serving to 
connected the lids. The protective container 31 can be 

20 made from a non-conductive material such as resin, alu- 
minum, or an alloy thereof (e.g. duralumin). 
[0195] In means to form the communication device 12 
in FIG.30, first, the primary sheet-like magnetic material 
5a and the secondary sheet-like magnetic material 5b 

25 are extended by being respectively attached to a top 
side and a bottom side of the RFID tag 1a by means 
such as adhering. Then, the intermediary frame mem- 
ber 34 is arranged on top of the bottom lid 33 to house 
such as the RFID tag la therein. Then, an adhesive 

30 agent or a filling agent is filled into the container and is 
then solidified by being sealed with the top lid 32, and 
thereby the bottom lid 33, the intennediary frame mem- 
ber 34, and the top lid 32 can fomn a united body and 
can stably fix such as the RFID tag la therein. 

35 [0196] Housing the main portion of the communica- 
tion device 12 into the protective container 31 prevents 
physical or chemical influence from outside and influ- 
ence from flooding caused during storage, transporta- 
tion and use; further, the communication device 12 can 

40 be structured having an excellent appearance. 

[0197] The communication device 12 regarding the 
present invention can serve as an information storage- 
type nameplate by attaching upon a surface for ma- 
chines, devices, and components thereof and the like. 

45 (n such case, the communication device 12 can be 
made into a long-lasting nameplate by fomning the entire 
body of the protective container 31 or at least a surface 
portion thereof (e.g. top tid portion 32) with aluminum, 
an alloy thereof, or a magnetic metal, and inscribing let- 

50 ters, symbols or the like upon the surface portion. 

[0198] The communication device 12 regarding the 
present invention can by formed into a card-like shape 
by reducing a thickness thereof. A metal sheet such as 
aluminum can be employed as the top lid 32 and the 

55 bottom lid 33 comprising the communication device 12 
of a card type to provide durability for the cpmmun icatlon 
device 12. 

[0199] Generally, when the RFID tag 1 a is covered by 
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a protective container made f ronn a conductive material, 
especially a metal material having low electric resist- 
ance, an overcurrent would be created at the conductive 
material from the magnetic flux (high frequency magnet- 
ic flux) during communication, and the overcurrent 5 
would create a negative magnetic flux from the opposing 
direction resulting to attenuation of magnetic flux nec- 
essary for communication, and further, communication 
would be Impossible in most cases since magnetic flux 
could not pass in or out of the protective container io 
[0200] However, experiments of the present invention 
revealed that communication is possible by making the 
protective container 31 with aluminum, or an alloy there- 
of being a conductive material, and structuring the pro- 
tective container 31 into a magnetic flux leaking type. '5 
The protective container 31 could be structured into the 
magnetic flux leaking type by using any method forform- 
ing a gap to enable magnetic flux leakage. 
[0201] Accordingly, when the protective container 31 
is made from resin , there would be no problem since the 
resin Itself is capable of magnetic flux leakage. In a case 
where aluminum or an alloy thereof Is employed, the 
protective container 31 is separably fomned into the top 
lid 32, the bottom lid 33, and the intennediary frame 
member 34 as shown in FIG .30, wherein for example: ^5 
a gap 35 for magnetic flux leakage could be arranged 
between the top lid 32 and the intennediary frame mem- 
ber 34 and also arranged between the bottom lid 33 and 
the intermediary frame member 34, and a non-conduc- 
tive material such as rubber could intervene inside the 30 
gap 35 or a non-conductive material such as an adhe- 
sive agent could be filled and fixed inside the gap 35 in 
a manner serving to maintain the gap 35. 
[0202] Although, the thickness of the gap 35, that is, 
the space between the top lid 32 and the intermediary 35 
frame member 34, and the space between the bottom 
lid 33 and the Intermediary frame member 34 would de- 
pend on the desired amount of magnetic flux leakage, 
setting the thickness ranging approximately from sever- 
al hundred |xm to several mm would be sufficient for 40 
communicating regularly. 

[0203] Thus structured, as shown in FIG.30, the mag- 
netic flux from the RFI D tag 1 a within the protective con- 
tainer 31 leaks from the secondary sheet-like magnetic 
material 5b to the external through the gap 35 Illustrated 
at the left side of FIG.30 and returns to the primary 
sheet-like magnetic material 5a from the gap 35 illus- 
trated at the right side of FIG.30 via the antenna coil 2a, 
so as to form the magnetic flux path <|) in a manner illus- 
trated with a broken line in FIG.30. Accordingly, by using so 
thus magnetic flux path communication between the 
RFID tag la and an external read/write device can be 
achieved. 

[0204] The closer each tip-end portion of the primary 
sheet-like magnetic material 5a and the secondary 55 
sheet-like magnetic material 5b is arranged to the gap 
. 35, the more communication sensitivity would increase. 
For example, the communication sensitivity would be- 



come highest when each of the tip-end portions is in- 
serted inside the gap 35 to a point reaching the outside 
of the protective container 31 . 

[0205] FIG. 31 is a cross-sectional view showing an- 
other embodiment of the communication device 12. In 
this embodiment a typical data carrier being massed 
produced and distributed in the market is employed, 
wherein the data carrier combining the primary sheet- 
like magnetic material 5a and the secondary sheet-like 
magnetic material 5b (both which being similar to those 
shown in FIG.28) is contained inside the protective con- 
tainer 31 . In these drawings, the RFID tag 1 a being com- 
prised of a disk-shaped antenna coil 2a and a semicon- 
ductor IC chip 3 is sealed inside a thin-type sealing con- 
tainer 36 made from a non-conductive material such as 
resin. 

[0206] The primary sheet-like magnetic material 5a is 

arranged parallel along a top surface of the sealing con- 
tainer 36 and fixed thereto by means of adhering or the 
like; and the secondary sheet-like magnetic material 5b 
is an'anged parallel along a bottom surface of the seal- 
ing container 36 and fixed thereto by means of adhering 
or the like. 

[0207] A tip-end portion of the primary sheet-like mag- 
netic material 5a is extended from a slightly left central 
portion of the antenna coil 2a arranged within the sealing 
container 36 shown in FIG.31 and is extended to a right- 
outward direction; a tip-end portion of the secondary 
sheet-like magnetic material 5b is extended from a 
slightly right central portion of the antenna coil 2a ar- 
ranged within the sealing container 36 shown in FIG.31 
and is extended to a left-outward direction. 
[0208] Subsequently, the primary sheet-like magnetic 
material 5a, the secondary sheet-like magnetic material 
5b, and the sealing container 36 are housed inside the 
protective container 31 and are molded by filling an ad- 
hesive agent or the like into the protective container 31 , 
which would result to forming the communication device 
12 of FIG.31. The protective container 31 shown in FIG. 
31 is structured in the similar manner as FIG.30, in 
which, for example, the gap 35 Is fonned between the 
top lid 32 and the intermediary frame member 34, and 
also between the bottom lid 33 and the intermediary 
frame member 34 when the protective container 31 is 
made from a metal material. 

[0209] With the thus structured communication de- 
vice 12. each end portion positioned at a central portion 
of the antenna coil 2a forthe primary sheet-like magnet- 
ic material 5a and the secondary sheet-like magnetic 
material 5b are partially overlapped to each other, in the 
similar manner as FIG.28. 

[0210] As shown in FIG.31, at least a portion of the 
magnetic flux passes respectively through the primary 
sheet-like magnetic material 5a and the secondary 
sheet-like magnetic material 5b having a magnetic re- 
sistance exceedingly lesser than that in the air, and 
through the antenna coil 2a so as to form a magnetic 
flux path (magnetic flux loop) ^ being flatly expanded in 
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a manner shown with a broken line. 
[0211] Also in this embodiment, the communication 
sensitivity would become highest when each of the tip- 
end portions for the primary sheet-like magnetic mate- 
rial 5a and the secondary sheet-like magnetic material 
5b are inserted inside the gap 35 to a point reaching the 
outside of the protective container 31 , in the similar man- 
ner as FIG.30. 

[021 2] As mentioned above, when forming the protec- 
tive container 31 with a conductive material, aluminum 
or an alloy thereof would serve to provide a satisfactory 
communication. However, experiments have revealed 
that even if other conductive materials (magnetic metal) 
such as stainless steel, copper, brass are employed to 
form the protective container 31 , communication can be 
performed by forming a thin layer made from aluminum 
or an alloy thereof at an inner surface of the protective 
container 31 . 

[0213] Although not shown, the primary sheet-like 
magnetic material 5a and the secondary sheet-like mag- 
netic material 5b can be fomned in a shape of a triangle 
in a manner where each sheet-like magnetic material 
having one peak portion thereof facing against a central 
portion of the antenna coll 2a Is extended outward in a 
gradual area-expanding manner, or in a manner where 
each sheet-like magnetic material having one side por- 
tion thereof facing against a central portion of the anten- 
na coil 2a is extended outward in a gradual area-reduc- 
ing manner. 

[0214] Even with such structure, the magnetic flux 
path <|) expands outward in a surface direction of the an- 
tenna coil 2a to allow communication distance to expand 
and communication directivity to heighten, as in the sim- 
ilar manner as FIG.28 and FIG.29. 
[0215] Further, FIG.32 is a plan view showing another 
embodiment of the communication device 12. In this 
embodiment, the primary sheet-like magnetic material 
5a and the secondary sheet-like magnetic material 5b 
are respectively fonned in a letter L shape. 
[0216] The primary sheet-like magnetic material 5a 
has one side being arranged parallel to a lateral direc- 
tion in FIG.32, has a tip-end portion being positioned on 
a top surface of a central portion of the antenna coil 2a; 
and has another side being extended in an upward di- 
rection {vertical direction) In FIG.32. The secondary 
sheet-like magnetic material 5b has one side being ar- 
ranged parallel to a lateral direction in FIG.32, has a tip- 
end portion being positioned on a bottom surface of a 
central portion of the antenna coil 2a, and has another 
side being extended in an downward direction (vertical 
direction) in FIG.32. 

[021 7] Each tip-end portion for the primary sheet-like 
magnetic material 5a and the secondary sheet-like mag- 
netic material 5b having the antenna coil 2a sandwiched 
from the top and bottom are arranged in a manner par- 
tially overlapping each other. Furthemnore, a primary 
magnetic flux path ^ is formed from a side of the primary 
sheet-like magnetic material 5a in a lateral direction of 



FIG.32 and a side of the secondary sheet-like magnetic 
material 5b in a lateral direction of FIG.32 having the 
antenna coil 2a arranged therebetween, and a second- 
ary magnetic flux path (t)^ is fonned from a side of the 
5 primary sheet-like magnetic material 5a in a lateral and 
vertical direction of FIG.32 and a side of the secondary 
sheet-like magnetic material 5b in a lateral and vertical 
direction of FIG.32 having the antenna coil 2a arranged 
therebetween. 

10 [0218] Thus structured, communication distance can 
be expanded in both the lateral and vertical direction of 
FIG.32 by the primary magnetic flux path ^ ^ and the sec- 
ondary magnetic flux path (l)^, and communication direc- 
tivity for both of the directions can be heightened. Ac- 

15 cordingly, thus structured, a communication device 12 
having no (or little) directivity In a plane direction can be 
provided. 

[0219] Although FIG.32 shows the antenna coil 2a, 
the primary sheet-like magnetic material 5a, and the 

^0 secondary sheet-like magnetic material 5b being 
housed inside the protective container 31 indicated with 
a long dash dot dot line, the sealing container 36 as in 
FIG.31 can also be employed in this embodiment. 
[0220] FIG.33 is a measured experiment result of 

25 communication distance for the communication device 
12 of FtG.31 . The communication device 12 used in the 
experiment is manufactured as follows. First, an RFID 
tag 1a, which has a disk-shaped antenna coil 2a and a 
semiconductor IC chip 4 for ASK type communication 

30 molded by a resin-made sealing container 36. is pre- 
pared, and then, a primary sheet-like magnetic material 
5a is adhered to a top surface of the sealing container 
36 and a secondary sheet-like magnetic material 5b is 
adhered to a bottom surface of the sealing container 36, 

35 and then, such comprising members are housed as a 
whole into a protective container 31 made from alumi- 
num. 

[0221] The sheet-like amorphous magnetic material 
having a specific magnetic permeability of 800 thousand 

40 made from Allied Chemical Corporation Is used for the 
primary sheet-like magnetic material 5a and for the sec- 
ondary sheet-like magnetic material 5b. As shown in 
FIG.31 , the protective container 31 has a top lid 32, a 
bonom lid 33, and an intennediary frame member 34, in 

45 which ail of the components thereof are made from alu- 
minum. 

[0222] A gap 35 having a thickness of several hun- 
dred |Lim and serving as a magnetic flux leakage path is 
arranged along an entire periphery at a connecting por- 

50 tion between the top lid 32 and the intermediary frame 
member 34. The protective container 31 has a side 
length (lateral length in FIG.31) of 85 mm, a vertical 
length of 55 mm, and a thickness of 1mm. 
[0223] The communication distance regarding the 

55 foregoing communication device 12 has been meas- 
ured using three types of antenna coils 2a respectively 
having a bore (average diameter) of 10mm, 25mm, and 
50mm in relation with the overlapping degree of the pri- 
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mary sheet-like magnetic material 5a and the secondary 
sheet-like magnetic material 5b. 

[0224] It should now be noted that the width of the pri- 
mary sheet-like magnetic material 5a and the secondary 
sheet-like magnetic material 5b are matched with the 
bore of the respective corresponding antenna coils 2a, 
and that the length of the primary sheet-like magnetic 
material 5a and the secondary sheet-like magnetic ma- 
terial 5b are substantially matched to the length of the 
protective container 31 in the lateral direction (length in 
the lateral direction shown in FIG.31), that Is^ 85mm. 
[0225] In FIG.33, the lateral axis shows the overlap- 
ping relation between the primary sheet-like magnetic 
material 5a and the secondary sheet-like magnetic ma- 
terial 5b along the central portion of the antenna coil 2a, 
wherein the sign indteates an overlapping width, and 
the sign indicates a separated width. Further, the ver- 
tical axis shows the measured communication distance. 
The measuring of communication distance was per- 
formed by arranging a read/write device in a direction 
extending to a longitudinal direction of the respective 
communication devices 12 (lateral direction in FIG.31), 
and the unit used for measuring the communicable 
sending/receiving distance between the RFID tag 1 a by 
electromagnetic wave was mm (millimeters). 
[0226] Although, there is a difference depending on 
the bore of the antenna coil 2a, the result of FIG.33 re- 
veals that communication Is possible when the relation 
between the end portion of the primary sheet-like mag- 
netic material 5a and the secondary sheet-like magnetic 
material 5b at the central portion of the antenna coil 2a 
ranges from a separated width of approximately 5mm 
through an overlapping width of approximately 25mm. 
[0227] However, the suitable overlapping range 
would be from 0 mm through 20mm, and a more suitable 
overlapping range would be approximately 10mm ± 
(plus or minus) 5mm. However, there is a tendency that 
the most suitable range would shift to the one having a 
large overlapping range in proportion to the bore of the 
antenna coil 2a. Further, it has been revealed that the 
larger the bore of the antenna coil 2abecomesthe larger 
the communication distance would expand. 
[0228] As shown in FIG.33, communication distance 
comparatively expands when the center sides for the 
primary sheet-like magnetic material 5a and the second- 
ary sheet- like magnetic material 5b are relatively over- 
lapped with each other. Nevertheless, communication 
is possible even when the overlapping is zero or slightly 
separated (e.g., approximately 5mm). Accordingly, a 
suitable "overlapping" is to be chosen when priority is 
placed on communication distance, and "an overlapping 
of zero or separation (-)" is to be chosen when priority 
is placed on cutting down in expensive amorphous ma- 
terial. 

[0229] For reference, in a case where the overlapping 
width between the primary sheet-like magnetic material 
5a and the secondary sheet-like magnetic material 5b 
is 0 mm, a communication device 1 2 having an antenna 
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coil 2a of a 50mm (|> bore had a communication distance 
measuring 150 mm when both sheet-like magnetic ma- 
terials had a width of 10 mm and had a communication 
distance measuring 90 mm when both sheet-like niag- 

5 netic materials had a width of 5 mm. 

[P230] Further, in the same manner, the communica- 
tion distance for each communication device 12 has 
been measured in a case where a top lid 32 of a protec- 
tive container 31 is altered to a non-conductive resin ma- 

10 terlal instead of using aluminum. The result showed a 
communication distance expanding approximately 
twice the distance compared to that of FIG.33. 
[0231] FIG. 34 is an experiment result of communica- 
tion distance measured in the same manner as FIG.33 

15 regarding the communication device 12 of FIG.32 being 
housed Inside the protective container 31 as in FIG. 31 . 
The communication device 12 employs an RFID tag la 
having an antenna coil 2a with a 25mm <t) bore and a 
semiconductor IC chip 4 for ASK type communication 

20 sealed Into a resin-made sealing container 36; a sheet- 
like amorphous magnetic material, whteh is made by Al- 
lied Chemical Corporation having an L-letter shape with 
a 20mm width, sen/ing a primary sheet-like magnetic 
material 5a and a secondary sheet-like magnetic mate- 

25 rial 5b is then adhered to the RFID tag 1 a; thereby, such 
comprising members are molded into an aluminum- 
made protective container 31 . 

[0232] The measurements for the primary sheet-like 
magnetic material 5a and the secondary sheet-like mag- 
30 netic material 5b are respectively matched with the 
length and width of the protective container 31 as in FIG. 

32. The result in FIG. 34 reveals that the communication 
distance in both the lateral and vertical direction of FIG. 
32 is 100mm or more when the overlapping width be- 

35 tween the primary sheet-like magnetic material 5a and 
the secondary sheet-like magnetic material 5b range 
from 0 mm through 20mm. 

[0233] Furthemnore, the communication distance for 
each communication device 12 has been measured in 

40 a case where a top lid 32 of a protective container 31 is 
altered to a non-conductive resin material instead of us- 
ing aluminum, and the result showed a communication 
distance expanding approximately twice the distance 
compared to that of FIG. 34. 

45 [0234] In the above description, the protective con- 
tainer 31 is comprised of the top lid 32, the bottom lid 

33, and the intermediary frame member 34, in which all 
of thus members are made from a same material. Nev- 
ertheless, the members could be fonned into a combi- 

50 nation where each of the members is made from differ- 
ent material. In such case it is possible for the top lid 32 
to be omitted. When omitting the top lid 32, the protec- 
tive container 31 comprised of the bottom lid 33 and the 
intermediary frame member 34 is sealed by applying 

55 therein a durable resin or the like. 

[0235] The foregoing description of a preferred em- 
bodiment of the invention has been presented for pur- 
poses of illustration and description, and is not intended 
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to be exhaustive or to limit the invention to the precise 
form disclosed. The description was selected to best ex- 
plain the principles of the invention and their practical 
application to enable others skilled in the art to best uti- 
lize the invention in various embodiments and various 
modifications as are suited to the particular use contem- 
plated. It Is Intended that the scope of the invention not 
be limited by the specification, but be defined by the 
claims set forth below. 



Claims 

1. A communication device comprising an antenna 
coil, a sender/receiver circuit, a memory circuit, and 
a control circuit for non-contact electromagnetic 
wave communication with the external by using the 
antenna coil, 

wherein the antenna coil is formed into a flat 
concentric disk shape or a cylindrical shape by 
winding a coil to a core thereof, 

wherein a sheet-like magnetic material with a 
high specific magnetic penneabillty is arranged on 
one side of the antenna coil extending along the an- 
tenna coil from an intermediary portion between a 
diametral center of the antenna coil and an inner 
peripheral side to an outer area of one of the sides 
of the antenna coil in a case where the antenna coil 
has a concentric disk shape, and 

wherein a sheet-like magnetic material with a 
high specific magnetic pemrieability is arranged on 
one side of the core extending from a proximity of 
one of the tip end portions of the core to an outer 
area of the core in a case where the antenna coil 
has a cylindrical shape. 

2. The communication device according to claim 1, 
wherein the sheet-like magnetic material is a sheet 
of an amorphous magnetic material with a high spe- 
cific magnetic permeability. 

3. The communication device according to claim 1, 
wherein the communication device is an RFID tag 
or a read/write device thereof. 

4. The communication device according to claim 1 , 

wherein the communication device Is housed 
inside a conductive container being separable into 
at least two portions, 

wherein the separable portion of the container 
has a magnetic flux leakage path formed thereto for 
leaking electromagnetic wave between the antenna 
coil and the external, and 

wherein the sheet-like magnetic material is 
extended from the antenna coil to a portion of the 
magnetic flux leakage path. 

5. The communication device according to claim 4, 
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wherein the container being separable into two por- 
tions has a hinge mechanism arranged on one of 
the end portions thereof for allowing the two por- 
tions to be openable relative to each other. 

The communication devk:e according to claim 4, 
wherein the container is formed into a card type by 
overlapping and joining two sheet-like members. 

The communication device according to claim 6, 
wherein the communication device is a metal name- 
plate capable of non-contact communication. 

A communication device comprising an antenna 
coil, a sender/receiver circuit, a memory circuit, and 
a control circuit for non-contact electromagnetic 
wave communication with the external by using the 
antenna coil, 

wherein the antenna coil is fomned into a fiat 
concentric disk shape, 

wherein the antenna coil is arranged between 
a primary sheet-like magnetic material with a high 
specific magnetic permeability and a secondary 
sheet-like magnetic material with a high specific 
magnetic permeability, and 

wherein the primary sheet-like magnetic ma- 
terial and the secondary sheet-like magnetic mate- 
rial are extended along the antenna coll from a cent- 
er portion of the antenna coil to an outer area in op- 
30 posite directions relative to each other. 

9. The communication device according to claim 8, 
wherein the sheet-like magnetic material is a sheet 
of an amorphous magnetic material with a high spe- 
cific magnetic permeability. 



10. The communication device according to claim 8, 

wherein the antenna coil, the sender/receiver 
circuit, the memory circuit, and thecontrol circuit are 
housed inside a non-conductive sealed container, 
and 

wherein the primary sheet-like magnetic ma- 
terial and the secondary sheet-like magnetic mate- 
rial are arranged having the sealed container ther- 
ebetween. 

11. An Installation structure for the communication de- 
vice according to claim 1 , wherein the communica- 
tion device is installed on a surface of a conductive 
installing object or Installed inside an installment 
groove portion arranged at the surface of the con- 
ductive installing object. 

12. A method of manufacturing a communication de- 
vice comprising an antenna coll, a sender/receiver 
circuit, a memory circuit, and a control circuit for 
non-contact electromagnetic wave communication 
with the external by using the antenna coil, 
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13. 



wherein the antenna coil is formed into a flat 
concentric disk shape or a cylindrical shape by 
winding a coil to a core thereof, 

wherein the antenna coil, the sender/receiver 
circuit, the memory circuit, and the control circuit are 
housed inside a non-conductive sealed container, 

wherein the sealed container is plurally ar- 
ranged In a prescribed interval along a longitudinal 
direction of a thin long primary sheet material, 

wherein a sheet-like magnetic material with a 
high magnetic permeability is plurally arranged in a 
prescribed interval along a longitudinal direction of 
a thin long secondary sheet material, 

wherein each container body and each sheet- 
like magnetic material are postlonally adjusted rel- 
ative to each other, in which the sheet-like magnetic 
materials are positionally adjusted to be arranged 
on one side of the antenna coll extending along the 
antenna coil from an intenmedlary portion between 
a diametral center of the antenna coil and an Inner 
peripheral side to an outer area of one of the sides 
of the antenna coil in a case where the antenna coll 
has a concentric disk shape, and the sheet-like 
magnetic materials are positionally adjusted to be 
arranged on one side of the core extending from a 
proximity of one of the tip end portions of the core 
to an outer area of the core In a case where the an- 
tenna coil has a cylindrical shape, 

wherein the primary sheet material and the 
secondary sheet material are joined to each other, 
and 

wherein each combined body of the container 
body and the sheet-like magnetic material is divid- 
ed. 

The method of manufacturing a communication de- 
vice according to claim 12, 

wherein the primary sheet material and the 
secondary sheet material are both conductive ma- 
terials, 

wherein the sheet materials have a magnetic 
flux leakage path between the external and the in- 
ternal formed at a bonding rim portion thereof, and 

wherein the sheet-like magnetic material is 
extended to a portion of the magnetic flux leakage 
path. 
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magnetic penneability being arranged on one side 
of the antenna coil extending along the antenna coll 
from an intenmedlary portion between a diametral 
center of the antenna coil and an Inner peripheral 
side to an outer area on one of the sides of the an- 
tenna coil in a case where the antenna coil has a 
concentric disk shape, 

wherein the communication device has a 
sheet-like magnetic material with a high specific 
magnetic penneability being arranged on one side 
of the core extending from a proximity of one of the 
tip end portions of the core to an outer area of the 
core in a case where the antenna coil has a cylin- 
drical shape, and 

wherein non-contact electromagnetic wave 
communication with the external is performed in a 
state where directivity of the antenna coil Is height- 
ened by the sheet-tike magnetic material. 

A method of communication with a communication 
device comprising an antenna coil, a sender/receiv- 
er circuit, a memory circuit, and a control circuit for 
non-contact electromagnetic wave communication 
with the external by using the antenna coil, 

wherein the communication device has the 
antenna coil being formed into a flat concentric disk 
shape and being arranged between a primary 
sheet-like magnetic material with a high specific 
magnetic permeability and a secondary sheet-like 
magnetic material with a high specific magnetic per- 
meability, 

wherein the primary sheet-like magnetic ma- 
terial and the secondary sheet-like magnetic mate- 
rial are extended along the antenna coilfrom a cent- 
er portion of the antenna coll to an outer area in op- 
posite directions relative to each other, 

wherein the primary sheet-like magnetic ma- 
terial and the secondary sheet-like magnetic mate- 
rial are arranged overlapping each other at a center 
portion of the antenna coil, and 

wherein non-contact electromagnetic wave 
communication with the external is performed in a 
state where directivity of the antenna coil is height- 
ened by the sheet-like magnetic material. 



14. A method of communication with a communication 
device comprising an antenna coil, a sender/receiv- 
er circuit, a memory circuit, and a control circuit for so 
non-contact electromagnetic wave communication 
with the external by using the antenna coil, 

wherein the communication device has the 
antenna coil being formed into a flat concentric disk 
shape or a cylindrical shape by winding a coil to a 55 
core thereof, 

wherein the communication device has a 
sheet-like magnetic material with a high specific 
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Fig. 4 
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